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PROLOGUE

The Geostationary Operational Environmental Satellite (GOES) data
collection system operated by the National Earth Satellite Service
(NESS) of the National Oceanic and Atmospheric Administration currently
supports data collection from several types of data collection platforms
(DCPs). With the advent of adaptive random reporting platforms, several
potential procedural and technical problems associated with effective
network design have been recognized. This project is intended to
address these issues with regard to the configuration of networks of
random reporting data collection platforms used to record flood and
flood producing events. Chapter 1 gives a general overview and problem
statement. Chapter 2 overviews DCP operation equipment and users
experiences. Chapter 3 focusses on evaluation of the basic theory of

random reporting in the telecommunications tield in order to theoreti-

cally investigate channel performance characteristics for random modes

of operation. Chapter 4 presents the theory behind the proposed data

T

collection network design algorithm. The available climatological data

h Xt

o
F is discussed in Chapter 5 and Chapter 6 is a hypothetical case study to
4 illustrate use. The Appendices contain user manuals and listings of

}

| related computer programs.
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CHAPTER [

Introduction

1.0 Introduction

The Corps of Engineers has selected GUES to serve as a communica-
tions link for the acquisition of hydrometeorological data (1). The
proposed Data Collection System (DCS) will operate utilizing a network
of random reporting and self-timed data collection platforms to convey
river stage, precipitation and other data to a central Command and Data
Acquisition Station for processing and dissemination and also to other
Ground Receiving Stations. This effort is directed at enhancing exist-
ing flood control and flood forecasting services and at supplementing
the hydrometeorological data base.

The GOES DCS consists of a set of remote transmitters, satellites,
ground receive stations and data processing and dissemination equipment
(1). This system is supported and regulated by NOAA as an integral part
of its environmental monitoring capability. A brief description of the

system is presented below.

1.1 GOES Data Colleciion System

Currently three geostationary, meteorological satellites are in
equatorial orbit at an altitude of approximately 35,600 km (2) over the
American Continents and adjacent oceanic areas. These were developed
under the Synchronous Meteorological Satellite (SMS) Program, and are

operated by NESS.

T —




The satellite located at 75°W longitude is known as GOES-East and
the satellite at 135%W longitude is known as GOES-West. A partially
failed satellite, i.e., a satellite with no imaging or sounding
capability, is located at 107% longitude and is known as GOES-Central.
GOES-Central acts as an operational standby for the DCS in the event of
a failure of either GOES-East or West. During the two annual spacecraft
eclipse periods, GOES-Central is also used to support DCS operations.

Figure 1.1 illustrates the current configuration and areal

coverage provided by the two GOES satellites servicing the United States (2),

These have been in operation for approximately 7 years (4). In
addition, planning is currently underway by the World Meteorologic
Organization (WMO) to implement a satellite data collection network

capable of providing continuous global coverage of the earth's surface.

It is anticipated that geostationary satellites will play a major role
in such a network. Similar spacecraft are also supported by Japan and the
European Space Agency. The USSR plans to eventually operate a similar space-

craft over the Indian Ocean to complete the round-the-world coverage.

The GOES system performs several meteorological data collection
tasks. The satellites provide near continuous imaging of the earth's
surface and its cloud cover through visible infrared spin scan radio-

meters (2). They also carry a Space Environment Monitor (SEM) to

measure energetic particle flux, X-rays and the earth's magnetic field

and broadcast Weather Facsimile (WEFAX) data (2). The GOES Data

'e
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Collection System also serves as a communication link, illustrated by
Figure 1.2, for the collection of environmental data. Observations and
measurements of the physical, chemical or biological properties of the
oceans, rivers, lakes, solid earth and atmosphere are relayed through
the satellite system.

The GOES data collection system can relay messages from environmen-
tal instrumentation installed on spacecraft, ships, buoys, weather
balloons, and land-based platforms. The system utilizes transmission
frequencies above 400 MHz to minimize ionospheric interference (5). As
shown on Figure 1.2, two sets of uplink and downlink frequencies are
employed, the first at 2034.9 MHz (uplink) and 1694.5 MHz (downlink) for
communications between spacecraft and large receiver systems and the
second at 401.8 MHz (uplink) and 468.8 MHz (downlink) is used for
communications with remote low power transmitters (4). The 401.8 MHz
uplink capacity is divided into 200, 1.5 KHz, channels in the domestic
or regional frequency band and 33, 3KHz channels in the international
frequency band which permit low data rate, low power, remote
communication (4).

The primary ground receive station for the GOES data collection
network is located at Wallops Station, Virginia. Major components of
this facility include:

-- several receiving systems with parabolic dish antennas,

ranging in size from 24 to 60 feet diameter.

-- multiplexers capable of supporting up to 80 separate channels

and an automatic Monitoring System.

N
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L(. -- a redundant disk-supported computer system that acquires and
forwards received data to the World Weather Building in

Maryland. Up to 16 hours of data may be stored in the event of

World Weather Building System failure,

-- triply redundant lines to the World Weather Building,

-- uninterruptable power sources,

-- a system by which each channel is tested at least once per day
using a test transmitter,

-- The World Weather Building Facility contains the scheduling
and dissemination computer system which allows up to 24 hours
of data storage and dissemination via direct or dial-in

telephone at 110/3u0, 1200, 2400 and 4800 baud.

13
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Several user specific, smaller installations are also' in operation. In
general, these installations contain a single parabolic dish antenna and
receiver to collect selected GOES signals. Data management tasks are
handled by mini-computers or micro-processors.

Data collection platforms (DCP's) comprise an assemblage of
electronic equipment for sensing physical conditions, formatting
messages, and transmitting these over an assigned channel. These
platforms are commercially available through several manufacturers
providing users with a variety of sensors and data telemetry
capabilities. The GOES system currently allows three primary reporting
modes: 1) self timed, 2) interrogated, and, 3) random (6).

In self-timed mode users may transmit during assigned time inter-
vals or slots of the order of one minute duration (6). Transmission
intervals are controlled by precise timers within each DCP, which
minimize the possibility of transmission collisions resulting in lost or
erroneous data. In general, this allows each platform to transmit every
few hours. Although this mode of operation simplifies data management
tasks, only a limited number of platforms may share a single channel.
Furthermore, since the precise time and order in which the self-timed
DCP's report is predetermined, no user flexibility is afforded by the

system to adapt in real time to changing environmental conditions (6).
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Interrogated DCP's are designed to transmit in response to signals
generated at the Command and Data Acquisition station and relayed
through GOES to the network (see Figure 1.2). Each platform is assigned
a unique address which is carried over an interrogation channel continu-
ously monitored by all DCP's of this type. Upon receiving its address,
the polled DCP transmits its message on an assigned reply channel. This
transmission mode allows for greater user flexibility than does the self
timed mode and high channel use efficiency while maintaining a
comparable or better success rate for each transmission (6). In
addition, the interrogated system has an event generated alert system
which can be triggered by a measurement parameter exceeding a pre-set
threshold. When this is received in the NESS ground system and, within
approximately 60 seconds, the DCP is interrogated and the special
information is transmitted via the normal reply channel. Also, special
interrogation schedules can be implemented as a result of receipt of
these alert messages. Increased flexibility is afforded with regard to
network size and reporting frequency. Networks are limited only by
address length and message duration. This capability, however, is
achieved at the expense of installing high performance receivers at each
platform. This receiver significantly impacts DCP complexity, power
consumption and, therefore, total costs (6). Furthermore, a more
complex data management and analysis\procedure is required.

A variant of the self timed and interrogated transmission modes is

also available which utilizes a satellite controlled timing mechanism.

15
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Under this mode of operation, termed self timed with satellite control-
led clock, an interrogation address code is multiplexed with a National
Bureau of Standards time code permitting each DCP to more accurately
determine the precise time of day (6). In self timed operation, this
feature allows for a reduction in the required duration of time slots,
which can approach that of the actual transmission duration, thereby
increasing potential channel throughput. However, this mode also
requires high performance receivers coupled with intelligent clock
controllers at each platform (6). Therefore, a similar set of
disadvantages exist.

The most recently developed mode of data telemetry available to
GOES DCS users is random reporting. One principal advantage is that no
requirement exists for timing of transmissions (6). This eliminates the
need for precise synchronization of timing instruments in DCP networks.
Another advantage is that transmissions may be initiated as a reaction
to changing external environmental conditions. Further, some platforms
can be programmed to transmit at rates dependent on environmental
conditions. This capability, termed adaptive random reporting, is
extremely valuable to users where the timeliness of information is
critical to the decision making process. In essence, with random
reporting, data transmission timing and frequency can be influenced
largely by the users measurement requirements. A third advantage is
that random reporting, obviates expensive receivers at platforms.

Random reporting DCP's must share channels' limited transmission

capabilities. Since each platform on a channel transmits without regard

16
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to transmissions from other DCP's sharing the same channel, there exists
the possibility of lost data due to message collisions. Moreover, data
management tasks at the receiving station are somewhat more complex,

inasmuch as message arrival times are not predictable.

1.2 Problem Statement

High demand exists for the development and implementation of real
time, adaptive, random reporting data networks (8). As will be shown in
the following chapter, there are, in fact, many systems already in
operation, each with definite plans for expansion. Several of these
present and future users are participating in a NESS sponsored experi-
ment to characterize the actual operational characteristics of the
random reporting systems.

Guidelines have been developed to help in the design of random
reporting DCP networks (6). They assume that fixed reporting rates for
all stations are known. Given those assumptions the guidelines (see
Chapter 3) provide relationships between probability of message
reception, number of DCP's in the system and average reporting rate at
the time interval of analysis.

The Corps of Engineers and its New England Division have realized
that in practice the above guidelines are applicable to a hypothetical
single user of a satellite reply channel with perfectly known reporting
rates. In reality, in the near future, many users (e.g., Corps
Districts) in different geographical regions will be sharing one of the

few allotted satellite channels for random reporting. Presently, there

17




are only three channels on each of the East and West satellites allotted
: to random reporting. Since each station in each geographical region is

affected by different climatic conditions, the actual average reporting
F!] ) rate of each region varies for different instances and is different for :

every user. In fact, reporting rates are a random, climatically driven

]

condition. Given this setting it would be unnecessarily conservative to
assume that all stations in the conterminous United States are reporting !
at their highest possible rate. Under such situations available channel
would be able to handle but a fraction of the projected number of 5
stations and users with any acceptable level of reliability of message ]

hdd,

reception. On the other hand, any single user cannot ignore in fact

i el

that his message reliability will depend on the reporting

characteristics of his channel partners. {
The goal of this work is then to provide a set of guidelines for

the design of DCP networks that will explicitly account for geograph-

{

ically and climatically different users. Such guidelines will: !

1) explicitly consider precipitation variability over the j

2 conterminous United States; 1

2) provide tools and procedures that will allow the efficient '1
allocation of partners to a satellite reply channel;

3) satisfy NESS's rules on random reporting and the achievement %

of pre-specified levels of successful message transmission for

each user.
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CHAPTER 2
Adaptive Random Reporting: A State of the Art Review

2.1 Adaptive Behavior of Data Collection Platforms

As previously indicated, one of the main advantages of random
reporting is the ability to obtain data at a rate dependent on and
driven by the parameters being monitored. This is called adaptive
reporting. The New England Division (NED) of the Corps of Engineers
(C of E) specified the design of its DCP's with a particular adaptive
algorithm responding to streamflow and rainfall rates. The form of this
algorithm is commoﬁ among available equipment. Following is a brief
discussion of the specifications NED's Data Collection Platforms which
were built by Synergetics International, Inc.

The DCP's should be suited to data collection in a variety of
fields, such as hydrology, meteorology, environmental quality and
geology; and capable of operating in either of two mc 'es, the conven-
tional self timed mode, or the random reporting mode (7). In the random
reporting mode, the DCP's must perform the following tasks:

1) Monitor environmental parameters by sampling at intervals

which shall be user selectable from seconds to hours.

2) Calculate past time derivatives in the sampled parameters.

3) '~ On the basis of these parameters, their past derivatives, and

user selectable threshold values, calculate randomized trans-

mission intervals.,
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4)

5)

The message format for random transmissions will have the following

EOT

Format the latest value of the sampled parameters into either
ASCII or binary numbers containing integral multiples of

six bits. Twelve-bit binary words will be sufficiently large
for the applications presently being planned; however, the
number of six-bit multiples in each parameter must be
user-selectable. Codes other than binary and ASCII must be
attainable by future software modifications.

Transmit the coded data in a sequence of n standard GOES
random messages, where n may be 1, 2, 3, up to approximately
10. The number of messages (n) must be user selectable and
is variable so as to permit user manipulations which can
maximize probability of reception of certain emergency

data. (7)

format (7).
Message Message

Sub-Section Length isec} Contents

Clear Carrier .5 --

Clock .48 48 alternating

1's and 0's

Maximal Length Sequence .15 100010011010111

BCH Identifier .31 31 bit DCP
identification
number

Header .08 Set by users

Data .48 (nominal) 8-bit/byte GOES ASCII

.08 ASCIT EOT, 00000100
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The proposed algorithm which a DCP must use for calculating trans-

mission rate must be equivalent to:

RATE = MAX[BASE RATE, (A*CHANGE IN PARAMETER)] (1) 2
i.e., the rate is the larger of these two expressions: a user selected o
BASE RATE; or the product of a slope factor "A" times the absolute value y 1
of the change in parameter value, for NED this parameter is river stage 3
(1). Depending upon the current stage, the BASE RATE will be one of ;,j
three pre-selected values corresponding to low flow, alert, and flood .'
conditions. The slope factor "A" will serve to control transmission
rate during periods in which conditions are changing rapidly. In '}
addition, a DCP may not change from short transmission intervals to .~~
longer intervals until it has transmitted a set number of times at the
shorter interval. This capability is termed "momentum" (1). The base 'j
rate and the slope fraction will allow tailoring of transmission rates -’ 1
to local conditions.

Alternative reporting algorithms have been developed. Most .
commercially available DCP's also operate in an adaptive random mode ‘~1
based upon input from multiple sensors with the following algorithm:

.

RATE = BASE RATE + (A* CHANGE IN PARAMETER ) (2)

As in the previous algorithm, BASE RATE can generally have three values

corresponding to low, alert and warning levels. These may be selected -9




for one or more individual sensor inputs. Commonly, three values of
"A", the slope Tactor, are also permitted. Furthermore, parameter
groups specifying the data transmitted from multiple sensors based upon
a single driving parameter are user selected in some equipment. Al-
though these capabilities could improve the data collection potential
from a single DCP, network performance characteristics would not be

identical to those governed by the NED algorithm.

2.2 Existing Data Collection Platform Capabilities

In order to devise a useful and relevant analysis of the perfor-
mance characteristics of networks of random reporting data collection
platforms, it is first necessary to understand the characteristics of
these devices, and the manner in which they are likely to be employed.
This information provides a basis for structuring models of network
performance.

Currently, there are several companies which manufacture satellite
linked data collection platforms capable of “random" reporting. Some of
them are:

-~ LaBarge Electronics
-- Handar, Inc.
-- Synergetics, Inc.
-~ Sutron Corporation
-- Magnavox
-- American Electronic Laboratories, Inc.
The first four companies' device(s) were contacted. Their capabilities

are discussed in the paragraphs that follow.
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LaBarge manufactures two different platform models, the convertible
DCP (CDCP) and the Advanced DCP (ADCP). The CDCP has 8 analog and 4
digital sensor capacity while the ADCP has 12 analog and 8 digital
sensor capacity. Both are capable of transmitting “"emergency"
information on a secondary channel. A single parameter is monitored
until the rate of change of the parameter, or its level, exceeds a
prespecified threshold. Once this occurs, the platform begins
transmitting at a fixed rate on the emergency channel. It is important
to note that randomness is introduced only by the variable starting time
of emergency channel transmissions. Once activated the emergency
channel transmits at a pre-determined rate.

Handar currently manufactures two platforms capable of random
reporting. Once device is an adaptation of their Model 524, the so-
called 524/8B. This microprocessor based system can be configured to
accept up to 8 analog and 4 digital inputs. It operates in a manner
similar to the LaBarge platforms. Once a specified parameter exceeds a
preset rate of change or level, the platform can be programmed to begin
transmitting on the secondary channel. The transmission rate is equal
to the sensor scan rate -- Handar has the added capability of repeating
messages up to 3 times for transmissions made on this secondary channel.
Like the LaBarge unit, once the threshold event has occurred, the unit
transmits at a fixed rate. Thus the only randomness is that introduced
by the triggering event. If the unit is programmed to operate in both

self timed and random mode, Handar labels this "random reporting"; and
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if the unit is programmed to operate only on the random channel, Handar
labels this "random adaptive reporfing". Handar calls a self-timed or
slotted reporting regime, using a short message format, "self-timed
emergency reporting”.

The second Handar data collection platform capable of random
reporting is their recently introduced Model 560 Multiple Data Access
Hydrological éystem. This system can accept up to 18 separate analog
and 12 digital inputs. Handar uses signal conditioning cards to inter-
face with a variety of sensors. The unit is capable of preprocessing
observed data computing such statistics as mean, variance, minima,
maxima, histograms, rates of change, differences between sensor observa-
tions, and scaling of data. In addition to self timed modes of opera-
tion, Handar says that their instrument is capable of alert reporting
(random or fixed time offset), random reporting, and random adaptive
reporting. They claim that their platform is configured to randomly
report exactly in the manner specified by the NESS random reporting
Users Guide [6]. It appears that the random reporting mode may be triggered
independently by any of the sensors. Each sensor has an alert level, a
warning level, and a slope factor which can be programmed. The platform
has a single base, alert, and warning rate assigned. It is not clear
whether each sensor channel can initiate random reporting independently,
or whether the platform rate is determined by the highest specified

sensor rate, nor is it clear as to how the reporting time is randomized.
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synergetics is the most recent entrant into the fiela of random
data collection platform development with their 3400 Series Hydrological
Data Collection Platform system. This system is a modular, microproces-
sor based system which includes a master control module, a GOES
transmitter module, a power supply, and a hydrological sensor interface
module. The hydrological sensor module is configured to handle 8 analog
signals, 4 digital sensars, 1 up/down counter, and 1 up counter channel.
Reportedly, a single platform could handle 10 to 15 hydrologic sensor
modules, with 14 channels each. In addition, the master control module
has 14 internal channels which monitor the system state, and which can
also be transmitted. Synergetics is currently also developing a
meteorological sensor interface module. They have stated that other
signal conditioning modules will be developed in the future.

For each channel selected to be adaptive, the user typically inputs
3 rates, 2 breakpoints, and 1 slope factor. Each time the sensors are
scanned, the reporting rates for the adaptive channels are calculated
as the maximum of the rate of parameter change multiplied by the slope
factor, and the base reporting rate for the range of interest. There is
a single platform reporting rate, which is selected as the maximum of
the calculated reporting rates for all of the adaptive channels. Once
the platform reporting rate is determined, say once every t seconds, a
random number is drawn from a uniform distribution with limits 0 to 2t,
which is the selected distribution on random reporting interval. The
random interval is added to the time of last transmission. If the

current clock time is greater than or equal to this calculated time of
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next transmission, then the platform immediately reports. If the
calculated time of transmission is after the current clock time, but
before the next scheduled sensor scan, then the unit will program itself
to scan the sensors and report at the calculated transmission time.
Finally, if the calculated reporting time is after the next scheduled
sensor scan, then no random report will be initiated, but instead a new
calculated reporting time will be computed at the time the sensors are
next scanned. Additionally, Synergetics introduces a concept of momen-
tum -~ which is simply the requirement that the mean of the distribution
on random reporting interval not decrease faster than some predetermined
rate.

Several points are noteworthy concerning the Synergetics strategy.
First, the reporting times are explicitly randomized -- however, there
is a tendency for the unit to report at times coincident with the scan
interval, namely when the calculated reporting time is less than the
current time. Second, depending on the way the user programs the
platform, a variety of sensors may be controlling the platform reporting
rate -- in a relatively difficult to predict manner. Thirdly, as a
microprocessor based platform, there is a great deal of flexibility that
can be programmed into the hardware. Simply changing PROM's with new
instruction sets can in the future radically alter the manner in which
these given hardware devices will perform. This is true for all brands.

The final data collection manufacturer identified as producing a
platform capable of random reporting is the Sutron Corporation who

manufactures the Model 8004B. This, like the Synergetics and possibly
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?i Handar platforms, is a powerful microprocessor based system. The
microprocessor firmware controls the platform's reporting in self timed
and/or adaptive random modes on two Separate frequencies. A total of 16
f| sensors may be monitored, in any combination of analog and digital
signals. Each of these monitored parameters may be assigned to one of
four groups. Each group is scanned independently at preprogrammed
times; and depending on available memory and groupings, up to 180
samples may be stored for the parameters in the group. One of the
parameters assigned to each group is used to control the adaptive
reports. Two threshhold levels, and three base reporting rates and
slopes are defined for that parameter. Each time the sensors in the
group are scanned, a new mean adaptive reporting rate is calculated as
the sum of the rate of parameter change multiplied by the slope factor,
and the base reporting rate for the interval of interest (as an option,
Sutron offers to compute reporting rate as the maximum of the rate of
change multiplied by the slope factor and the base rate for the
interval, probably involving a minor firmware modification). Thus,
there is a separate mean adaptive reporting rate for each of up to four

groups. Once the group's reporting rate is determined, say once every

“t" seconds, a random number is drawn from a uniform distribution with
limits 0.5t to 1.5t, which is the selected distribution on random
reporting interval. Note that there are time periods when (it can be
shown) that the platform will not report. Note also that with each
group reporting independently, the platform would behave 1ike four
separate platforms. Thus a user configuring a platform with two sensors

in a single group is imposing potentially significantly less burden on
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the satellite system than a configuration having the sensors in two
separate groups.

Sutron has the greatest experience in manufacture of random
reporting data collection platforms and has pioneered much of the work
in the area. In addition, they have made research contributions with
studies for the New England Division, Corps of Engineers, and with
participation in writing the NESS Users Guide to Random Reporting (6).

In summary, there are significant differences in the manner in
which the several equipment manufacturers have translated the theory of

random reporting to practical application. The LaBarge and Handar 5¢4/B

‘platforms are not explicitly random -- "randomness" is introduced only

by the manner in which they scan their sensors, and the attainment of
threshhold levels triggering reporting at a fixed rate. The Synergetics
and Sutron platforms, and possibly the Handar Model 560/B, explicitly
randomize their reporting times. The manner in which they specify the
distributions on random reporting interval, and incorporate corollary
concepts such as momentum, suggests that indiviaual platforms quite
likely violate the NESS Random Reporting Certification Standard
requirement that reporting times "shall be uniformly random within the
reporting interval." The extent to which this leads to violation of the
Poisson arrivals assumption for networks of platform message arrivals at
the satellite remains to be examined. Furthermore, platform
manufacturers have taken a variety of approaches to the manner in which

sensors are scanned, grouped, and sensed parameters used to control the
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rate(s) at which the platform reports. Careful assumptions about the
manner in which rates are determined, and perhaps limitations on
allowable regimes, must be developed for any meaningful analysis of
network performance. Finally, and in a related vein, it must be
recognized that the state of the art platforms are relatively powerful
microprocessor computers -- and can be configured, programmed, and
operated in relatively complex ways which are difficult to predict. Two
basic strategies are possible for developing good models for predicton
of performance of networks of such units. First, one might endeavor to
build relatively elaborate "simulation" models to capture the
complexity. This would be very costly and impractical in that it
require:z the analyst to forecast the complex configurations that are
possible. Alternatively, the analyst might develop simplified analytic
models. Great care must be taken, in this case, to insure that the
actual systems implemented are constrained so as not to grossly violate

the assumptions used in predictive models for network performance.
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2.3 Random Reporting System Users

A number of government user groups are currently using or are
likely in the near future to begin using adaptive random reporting.
These include:

-- Army Corps of Engineers;

-- Geological Survey

--  Bureau of Reclamation;

-- National Weather Service;

-- Soil Conservation Service;

-- Bureau of Land Management;

-- Forest Service;

-- lennessee Valley Authority.
These users are distinguished by factors including the numbers of
platforms, types of platforms, monitored parameters, grouping of
reported parameters, algorithms for reporting rate determination, and
reception capabilities. A number of current or candidate user group
programs are described below.

Perhaps the most advanced user is the Bureau of Reclamation in
Boise, Idaho. This group started installing platforms in July, 1980.
The system is a turnkey installation developed by Sutron. Currently, 66
platforms are operational, as is a ground receive station. Roughly 12
platforms are at reservoirs, and measure parameters including forebay
elevation, stream elevation, precipitation, and discharge. Another 12
platforms are purely meteorologic stations, measuring parameters includ-

ing precipitation, temperature, soil moisture, and water content of
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snowpack. The remaining platforms are at stream gaging stations, and
primarily monitor stream levels and total precipitation.

The platforms in use are the Sutron Model 8004B, described in the
previous section. All are configured to report on both a self-timed and
a random channel. On the self timed channel, each reports every 3
hours. Parameters are scanned every 15 minutes. The random reporting
algorithm varies, depending on the platform. Up to three group
assignments are used -- thus the effective number of platforms is larger
than the 66 units in the field. Relatively little effort has been
expended attempting to forecast channel performance, as the Bureau has a
fully dedicated channel, so there has been no worry about adverse
affects on other users.

This solo operation is currently being changed. The Bureau is in
the process of switching to Channel 128, which it will share with the
Corps, Missouri River Division, and the Bureau of Reclamation, Amarillo,
Texas. The Boise group anticipates addition of another 40 platforms on
the Snake River within a year; also an additional 20-25 platforms in the

Deschute River Basin. The Bureau in Boise has done little ex post facto

study of its network performance. They do report, however, that during
one flood event in the spring of 1981, 40 of the 66 platforms became
active in a random reporting mode, and they were receiving upwards of
2200 successful random reports per day.

A second group which is currently using random reporting is the
Corps, Missouri River Division. A total of 216 sites have been

designated for satellite data collection. The Omaha District within the
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division currently has 8 operational, and 28 nearly operational
platforms (as of January, 1981). The Kansas City District has 6
platforms operational. Ultimately, the Omaha District will have 110
platforms (30 additional in FY 82, another 26 in FY 83, and a final 18
in FY 84). Most of these platforms will report both precipitation and
stage. Currently, using the Sutron platforms, stage is the driving
parameter for -randcem reports, and both parameters are reported in a
single group. Ultimately, the Kansas City District will have 106
platforms (50 additional in FY 83, another 25 in FY 84, and a final 25
in FY 85). The Missouri River Division is participating in the NESS
random reporting experiment, sharing Channel 128 with the USBR Boise.
They have a Memorandum of Understanding with the Bureau that enables
them to use the Bureau's ground station until 1984,

A third group which is currently using random reporting is the
Corps, Tulsa. The District of the Southwest Division plan ultimately to
install 132 platforms. Currently, they have 38 platforms authorized.

Of these, 10 will be Handar model 524's, and the remainder will be
Sutron 8004B platforms. Less than 12 of the 38 are currently
operational. All 38 units will have stream and precipitation sensors.
About one third of the 38 will have additional parameters, although
there are no detailed specifications thus far. This office of the Corps
is assigned to the eastern satellite, Channel 129, which it will share
with the New England Division. Although they had not been granted final
approval (as of January 1982), the Tulsa office was proposing 1.8 unit
loads per platform (a definition of a unit load is given in Chapters 3

and 4) during the NESS test.
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A fourth group which will begin using random reporting is the Corps
of Engineers, New England Division.

The National Weather Service currently has no random reporting or
interrogated platforms, although they have ordered a few for testing and
evaluatiocn. The Geological Survey is reported to have random reporting
platforms, but this has not yet been verified. For NESS test purposes,
the Weather Service and Geological Survey are assigned to share channels
118 and 140. According to NESS, the primary interest of these groups is
transmission of an alert warning once a monitored parameter has exceeded
a predetermined threshhold -- rather than the continuous real time data
transmission sought by the Corps and the Bureau of Reclamation.

Groups reported to have random reporting capabilities, but which
were not contacted, include the Bureau of Land Management, Denver, and
the Forest Service, Boise. Groups considering developing random
reporting capabilities include the Corps, Portland, District of the
Northwest Division, and the Tennessee Valley Authority. They are
illustrative of the scope and variety of hydrologic/meteorologic random

data collection users.
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CHAPTER 3

Models of Data Collection Platform Network Communication

3.1 Overview

The purpose of this chapter is to review and assess relevant models
which might be used in the analysis of networks of random
data collection platforms. It is essential to keep in mind the obvious

-- that the problem is simply one of analyzing communications. These

communications are between distributed users and a central site. The
fact that the senders are microprocessor controlled data collection
platforms, that the transmission link is a satellite, and that received
information is computer routed, should not disguise the simplicity of

the underlying problem.

3.2 Network Communication Strategies

Consider a network like that shown in Figure 3.1. In the most
general case, each node can function to generate, receive, store, or
route transmissions. Links can be used to transmit in both directions.
Historically, two modes of network communications have been
distinguished:

1) circuit switched (pre-allocation)

2) packet switched (dynamic allocation)
Communicating implies transfer of information between selected
origin-destination pairs, as opposed to broadcasting, which would
suggest transmission between an origin and all possible destinations on

the network. Each of the two modes is described below.

34

'®

LY G VY




Figure 3.1: Sample Network
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In the circuit switched pre-allocation mode, the path from sender
to receiver is established in advance, before communicating commences.
Once established, this path or circuit is maintained. In order to
efficiently use network capacity, this scheme requires a relatively
strong, centralized assignment control mechanism. The advantage to
users is that they face no delays in communicating their information
once they have established access to a circuit. No information storage
is required. The disadvantage is that because the assignment of
circuits cannot readily adapt to changing demands, the network capacity
may be inefficiently assigned and utilized. Traditionally, telephone,
radio, and television have employed circuit switching.

In the packet switched or dynamic allocation mode, "packets" of
information may be sent, stored, sorted, and ultimately routed over a
path in the network to their destination. The path is not pre-assigned,
but established depending on conditions in the network at the time of
transmission or retransmission of data packets from nodes in the
network. This format facilitates relatively decentralized
communications and control. One disadvantage is that delays may be
encountered as information is stored or rerouted. Further, since there
may be no centralized control of access, users may not have exclusive
use of circuits thereby resulting in unreliable communications.
Examples of packet switched networks have included telegraph and mail
systems. Computers have made possible high speed packet switched

communications, by greatly enhancing the capacity to store, sort, and
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route information in near real-time. Computer controlled
telecommunications have made feasible dynamic allocation systems that
in some aspects are superior to preallocatioﬁ systems in time,

reliability, economy, and flexibility (9).

3.3 Multiple Access Protocols

When a multiplicity of users can have access to a shared link or
path in a communication network, rules may be established to reduce or
eliminate conflicts between users. The parameters for dividing access
include time, frequency, and encoding. According to Lam (14), multiple
access protocols have traditionally been channel oriented. That is, the
network is divided into separate channels, and channels assigned on a

fixed or demand basis.

Three distinct protocol classes may be used to control channel
acccess:
1) reservation;
2) polling; and
3) contention
Each class is described below.
The reservation protocol seeks to eliminate conflicts between
users. If reservations are static, then users can communicate only at

specified times, on specified frequencies, or using selected codes.
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If reservations are to reflect user requirements in a dynamic sense,
then two issues must be resolved. First, a channel must be established
for vsers to communicate their requirements for a reservation. Second,
a queue of user reservations must be maintained, on a centralized or
distributed basis. Note that in order to implement adaptive reservation
systems, users must be able to both send and receive -- communications
must be bidirectional.

A polled or interrogated protocol also will eliminate conflicts
between users. Users are given access to a channel only when
interrogated by a central controller. There is again the requirement
that users have the ability both to send and receive signals.
Generally, depending on the sophistication of the central controller,
this protocol provides a fairly efficient mechanism for data
acquisition. However, as is the case with satellite linked
communication, when there are relatively long propagation times for
communicating, the overhead imposed by interrogation of users can become
significant. Note that in a pure polling system, users do not have the
opportunity to communicate events unless polled.

A contention protocol does not seek to eliminate all conflicts
between users. Each user independently chooses when to transmit,
without regard to other users who may be transmitting at the same point
in time. This protocol was first implemented in a computer

communications network, the ALOHA system, at the University of Hawaii in
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1970 (14, 10, 11, 13, 15). Under the unslotted ALOHA protocol
transmissions are unsynchronized over a common channel. A slotted ALOHA
protocol simply restricts times at which transmissions can be initiated,
but otherwise does not restrict user access. Both the ALOHA and the
slotted ALOHA protocols were developed assuming users could receive,
thereby getting immediate feedback on the success or failure of their
attempt to access the communication channel. The protocol is feasible
without feedback, but in this case, lost transmissions must be accepted
or data repetition methods devised to insure reception. The R-ALOHA
protocol is a variation in which time slots are organized into groups
called frames, and availability of a particular slot depends upon the
status of the corresponding slot in the previous time frame. The
R-ALOHA system clearly requires bidirectional communications. A similar
hybrid contention model known as the URN protocol, which is adaptive,
also needs feedback. Note that the contention protocols can circumvent

central control and are completely user initiated.
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3.4 Framework for GOES DCS Analysis

The GOES system as a packet switched system, in which frequency
bands have been subdivided into channels, is well suited to networks of
distributed users communicating with static centralized control. This
sort of communications is made practical by the ability of
microprocessor and computer's capabilities to quantify, transmit and
store, information at high speed.

When multiple users have access to a single network, access may be
divided in time, frequency, or encoded information. The GOES system
uses discrete channels. Conflicts in time on a single channel are
avoided by one of the three types of multiple access protocols:

1. reservation (self timed)

2. polling (interrogated)

3. contention (random access).
NESS has elected to test all three types of protocols. Only the random
access protocol allows the user both to report based on locally observed
events and to avoid the significant expense of receiving capability.

Although a number of articles have addressed the performance of
communication networks, the basic findings of Abramson (11, 12, 15) and
others (13, 14, 20) are especially germane. The key to the
applicability of these results in analyzing the GOES system is insuring
that the system is compatible with the assumptions in which the analysis
are predicated. For the GOES system, the regulations and certification

standards for radio sets imposed by NESS insure that most of the
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asssumptions can be satisfied -- for example, transmissions of a fixed
length, or uniformly random message starting time, Recall, however,
that because some types of platforms might not transmit only randomly,
and because users can inadvertently synchronize transmissions, NESS must
carefully regulate system use to insure that key assumptions are not
violated. The rate of arrival of transmissions at the satellite is an
extremely important factor, and the previous assumptions have to be
satisfied.

Although the literature has successfully provided models of network
performance, pure contention cases in which undetected transmission
failures can occur have been analyzed only in the NESS User's Guide (6).
Moreover, the previous analyses, with the exception of some limited
simulation studies done by Sutron Corporation for the New England
Division, Corps of tngineers (4), have addressed network performance
merely assuming given platform transmission rates. In reality, the
platform transmission rates are a function of sensed climatic
information, platform characteristics, and user selected input
parameters. This transformation of sampled data to distributed reporting
rates is non-trivial, and is one of the major research concerns of the
current project.

Figure 3.2 presents one possible representation of the communica-
tions system of interest to the Corps of Engineers and NESS. One
driving force for system performance is the climate to be sensed and
reported. At the user leve', a network of platforms is installed to
provide information for reconnaissa;ce, planning, and real time control.

These platforms are subject to constraints imposed by the authority
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Figure 3.2: Framework for data collection system analysis
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controlling the network -- for example, message formats and unit
loadings. At the control level, channel access and assignments are
established. A number of measures have been used to determine the
performance of such a system.

These measures include but are not limited to:

* reliability -- the rate of success of that a message being
received without interference;

* timeliness -- the delay from initial transmission attempt
until the information is available to a user;

* efficiency -- the level of utilization of channel capacity,
perhaps as measured by number of users of a particular type;
and,

* equity -- fair allocation of resources among users.

Given climate, platform characteristics, and network attributes, one
important goal is to forecast network performance as summarized by
selected measures. Given the inputs, user, and control decisions, a
descriptive model would be a simulation of network performance. A more
difficult problem which will not be addressed in the current research is
that of optimization of network performance. That is, finding the
"best" set of user and control decisions to achieve selected network
performance goals. The difficulties of optimization lie in that the
above measures of performance are poor surrogates of the value of

information during the ultimate use of the data.
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controlling the network -- for example, message formats and unit
loadings. At the control level, channel access and assignments are
established. A number of measures have been used to determine the
performance of such a system.

These measures include but are not limited to:

* reliability -- the rate of success of that a message being
received without interference;

* timeliness -- the delay from initial transmission attempt
until the information is available to a user;

* efficiency -- the level of utilization of channel capacity,
perhaps as measured by number of users of a particular type;
and,

* equity -- fair allocation of resources among users.

Given climate, platform characteristics, and network attributes, one
important goal is to forecast network performance as summarized by
selected measures. Given the inputs, user, and control decisions, a
descriptive model would be a simulation of network performance. A more
difficult problem which will not be addressed in the current research is
that of optimization of network performance. That is, finding the
"best" set of user and control decisions to achieve selected network
performance goals. The difficulties of optimization lie in that the
above measures of performance are poor surrogates of the value of

information during the ultimate use of the data.
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3.5 Models for GOES Network Performance

The GOES data collection system introduced in Chapter 1 consists of
distributed data collection platforms, using a satellite communications
line, to transmit sensed data to a central ground station (or stations),
and ultimately to end users. A schematic of the implied communications
network is shown in Figure 3.3.

The National Earth Satellite Service (NESS) has established a
number of conventions which regulate the manner in which the network may
be accessed. The basic strategy has been that of packet-switching or
dynamic allocation. This format facilitates relatively decentralized
communications and control. Part of the strategy has also been to
divide the uplink band into 233 channels -- so-called frequency division
multiple access. Platforms can then be assigned to separate reply
channels, thereby to a certain degree eliminating multiple access
conflicts, at least in the frequency domain.

Currently, NESS is using pure strategies, i.e., all platforms
assigned to the same channel are subject to one of the same three
protocols described in the previous section. The above NESS protocols
are subsets of the reservation, polling, and contention strategies
described earlier. Note that the links between user and the ground
station have not been closely examined.

The reservation or self-timed approach restricts data collection
platform access to predetermined time slots. Normally, the slots are of
1 minute duration, and platforms are restricted to 8 slots or minutes

per day. This 8-minute time allocation per platform is a management
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Figure 3.3: Schematic representation of GOES data collection system
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concept for allocating time on channels equitably, and is known as the
unit load. Typically, a self-timed platform does not have to receive
signals from the satellite, provided the platform contains a
sufficiently accurate clock, so that the timing of transmissions is
stable. Note that the static reservétion system selected is intended to
eliminateconflicts -- but only 180 platforms can be assigned per
channel, and there is no adaptive reporting.

The interrogated system allows the ground station to poll or query
users when a report is required. One of two frequencies is employed for
poiling depending upon the operational satellite being used. Naturally,
each data collection platform must have the ability to receive satellite
signals. This can be costly, or infeasible, given the remoteness of
data collection sites and the availability of reserved or random access
alternatives.

The random access protocol available to GOES users allows pure
contention among users for channel access. Users independently aecide
to transmit, subject to the constraint that the total time of
transmissions per random reporting platform does not exceed the unit
load. Since most random reporting platforms also transmit in a self
timed mode, the 8 minute access time is further restricted to:

a. 6 minutes on a self-timed channel,
b. 2 minutes on the random access channels (average of
5 seconds per hour).
The message formats are user defined. In the NED application the
standard message is approximately 3 seconds long. The time of transmis-

sions is taken to be uniformly random.
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kecall that because each platform is reporting independently, the
pussibility exists that a message from one platform may collide with
those of other platforms sharing the same channel. Most of the analyses
of ALOHA type systems (see previous section) assumed bidirectional
communications, allowing users to listen and hear whether their
transmission attempts were successful. Should an unsuccessful attempt
be detected, the user could always retransmit. Random access users on
the GOES system are not equipped to receive satellite broadcast.

Accordingly, users of the GOES system must either tolerate lost
transmissions, or adjust their transmission rates to compensate for the
lost transmissions. Adjustments suggested in the "Random Reporting
Users Guide" (6) include message repetition which effectively increases
transmission rates, or concentration of messages, leading to larger
message units. These adjustments are critical to the success of a
unidirectional random reporting system which requires a high level of
reliability. Analysis of this type of pure contention system has
largely been in relation to GOES satellite services.

The protocols described above have been developed to achieve
reliable communications in a multiple-access mode by partitioning time,
and are referred to as time division multiple access (TDMA). An
alternative means of random access can also be obtained through
frequency division, where signals are partitioned over on frequency
spectrum. This is termed frequency division multiple access (FDMA).

For large networks in which users (DCP's) have a high ratio of peak to
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averaye data telemetry requirements, such as that of most event based
environmental measurements, the TDMA pure contention protocol provides a
powerful means of sharing communications resources (10, 11, 14).

Next subsections will describe analytical performance models for
the two most popular random access (contention) protocols. These are
the slotted and unslotted ALOHA systems, the latter corresponding to the
mode of operation selected by NED. Emphasis will be given to unslotted

ALOHA's and methods to improve their performance.

3.5.1 Analysis of Unslotted ALOHA Reporting Schemes

A number of researchers have analyzed performance of contention
or ALUHA type systems. Abramson (12) provided the first formal
presentation of unslotted ALUHA channel performance. Work by Abramson
(11, 12, 15), Lam (14, 20, 23), Kleinrock (26, 27, 28) and others (13,
16, 17, 18) has contributed to development of an understanding of random
reporting. Recently, the Sutron Corporation (11) and the Water and
Power Resources Services (6) have developed analyses which more
comprehensively address the GOES network.

Most analyses have focussed on a critical period (peak loading) of

the network. The following are assumed to be known:
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T = duration of transmission.

The focus has been on the network of platforms on a channel -- and
not the manner in which the rates are determined by user level decisions
or climatic inputs.

A transmitted message can be received incorrectly or completely
lost due to two different types of errors: (1) random noise errors and,
(2) errors caused by message overlap (12). Most researchers have
concentrated on errors of the second type and the same approach will be
taken here. Accordingly, a message is lost if transmissions from one or
more platforms collide as illustrated in Figure 3.4. Define D as the
interval between transmissions. If a single DCP sends a message of
duration T (T much smaller than D) with starting time uniformly
distributed in D, and if all DCP's act independently of all others, then
the probability of collision (failure) is the ratio of collision

interval to D.

P = U— (3.])

where P is probability of failure and a pair of DCP's have been

considered at a time,
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The complementary probability, that of the pair of transmissions
not colliding is:

q=1-5 (3.2)

Equations 3.1 and 3.2 then effectively represent success and
failure probabilities of a classical Bernoulli experiment (one where
only 2 outcomes are possible). If there are N stations; the probability
of no tailures then follows the well known Bernoulli distribution. We
are asking for no collisions in N (number ot stations) experiments. lhe

resuit, due to the independence ot stations, is:
2T\N
Pg = a" = (1 - §7) (3.3)

where kg 1S the probability of no interference among the N stations or
effectively tne probability that any station will successfutly transmit
a message. The compliementary probability of failure, Pes for any

station in a tield of N is then,

Pe=1-(1-50N (3.4)

f

The term ot the form (1 - X)N in the above equation for [X| < 1, can be

expanded in a series as,
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If N is large, then that series approximates the exponential form e'XN -
-NX Xz x3 3
since it is given by e =1 ~X+ zT'N - 3T N + ... For large N, _
Equation 3.3 then becomes: [
»
_2ny
PS = e (3.5)
and ]
) -1
_%IN
Pf =1-e (3.6)
Since in the above N is large and transmission times are random, }
which leads to random times between transmissions, then we can
define
N ]
N ) 4
A= p e Z A (3.7)

which can be interpreted as an average rate of transmission of the network or 3
the average rate at which the satellite receives messages. Using 3.7

the probability of successful transmission for a station in a large

network is

P = e-ZXT
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Probabilistically, the result corresponds to the asymptotic
covergence of the Binomial distribution (Equation 3.3) into the Poisson
distribution (Equation 3.8). As the number of stations becomes large
the arrivals of messages at the satellite becomes a Poisson process with

rate A. The probability of x arrivals at the satellite in time t is:
x =it
PLxy = Ate (3.9)

A valid question is how large N has to be to make the Poisson

approximation valid. This depends on the value of g% . Since T is

on the order of 3 seconds and D is at best on the order of 10 minutes,
g% is at most on the order of 0.01. The following table illustrates the

approximatiun.

N (1-.01)N e+ OIN

1 .99 99

10 .9044 .9048
20 .8179 .8187
30 7397 .74
200 .1340 135

Clearly the results are extremely good over a wide range of N values.

It will remain so as long as 2T/D is small.
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Given the above, the discussion can be reoriented to the point of
view that arrivals of messages at the satellite are in fact Poisson
distributed. A corollary statement is that the time between arriving

messages is exponentially distributed

~

f,(D) = ae~AD (3.10)

where D is the time betweer messages.
In order to re-develop the &nalysis then make the following
assumptions (6):

1.  There are relatively large number of platforms assigned
to the channel, N > 50 according to (6);

2. No platform uses a la-ge amount of the available
transmission time [reference (§) suggests Ty < 0.1];

3. The average rate of reception at ine satellite, A.
is constant for the time period of interest:

4. Starting time of transmissior arrivals at the satellite
is statistically independent of the starting time of
other transmission arrivals.

5. Transmissions are of a fixed and equal length, T.

6. Errors due to random noise are negligible, but if a

transmission overlap occurs, all information is lost.
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Let:
G = average number of transmissions attempted in T seconds,
the channel traffic or loading
S = the average number of successful transmissions in T
seconds, the throughput
P_ = the probability of success of one transmission.

s
Then by definition

(2]
]

AT (3.11)

Also,
PS = §/G (3.12)

That is, the probability of success is simply the average rate of
success of transmissions.

Because transmission deviation for all users or platforms is
assumed constant, a single transmission starting at time t will be
successful if no other transmissions occur in the interval t-T to t+T

(see Figure 3.4). That is

no transmissions | transmission
Ps = probability in interval at t
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where P[A|B] stands for probability of A given that B occurs. Since
starting times of messages are assumed independent, the probability of

no transmission at time t is also independent. Therefore

Pg = probability no transmissions
( in interval 1

The likelihood of this event depends on the rates and distribution of
message generation.
But from Equation 3.9 the probability of no arrivals in interval t

is,
P[X=0] = e~*t (3.13)

Accordingly, for an interval of duration 2T,

. o-T

P, (3.14)

That is, the probability of success of one transmission depends only on
the network transmission rate and message duration. Substituting from

the definition of Equations (3.11) and (3.12), it is easily shown that

p, = 728 (3.15)

56

| ®

LY



¥ anha
§ = ge~¢b (3.16)

k! That'is, the probability of success and the channel throughput can
*i easily be related to the channel loading.
Figure 3.5 displays equations (3.15) and (3.16) as a function of
b‘ channel loading. Observe that channel throughput is maximized at 0.184
when the overall channel loading, G, equals 0.5. At this level of
loading, channel utilization efficiency is maximized; however, the
network is relatively unreliable, with the probability of success of a
single transmission only 0.368. Cuserve that PS decreases monotonically
as channel loading increases.

Figure 3.6 displays the tradeoffs between reliability and

throughput, a measure of efficiency. Assuming both higher

levels of reliability and throughput are preferred, all channel loadings
higher than 0.5 are dominated -- there exist better alternatives at
lower loading levels. The decision maker must then tradeoff
high reliability for efficiency, and vice versa. The overall channel
loading selected must represent a compromise between these two
conflicting objectives.

If the user chooses to operate at a channel loading, G, of 0.5,
then it is possible to make a statement on the maximum allowable number

of stations. Remember G = AT, where

?v 57

'@

- |
PPNV YN A ..




— J Iy ) : : ] N . . .- - . N 3

B e Rl L tupep—

T TTITITTRVRY Y et ry vy W

(9) ONIGVOT TINNVHI 1IVUIAD :0 .
NOILINNL V SV {S] L SWIL NI SNOISSINSNVUL 1NJSSI0NS 1IVUIAD GNV
“JIN3UIJUILINI LNOHLIM ONIAILUY NOISSINSNVHL ITONIS 40 ALITIBVEOYd “G¢ anbiy

9 'aKIaV0Y MINNYII3 1IVUIAC

ot 8L 3 & ¢ 4 0100L09060 y0 B 2'0 o 00 LN on S0 v £0° 20 iy
ﬂaaﬁ!_2333543333.—313:333:.55.233:5.4!4:.&33%2:”1..!..11.-41_.1].111114
- 0
80 e go'6
01 b a1o
1NdHONOYHL TIMNYHD
ol |- 39 = g ~[s1'0
92-
02 |~ _—{020
- - °
- . m~.
~ NOISSIWSNYYL 3T9NIS V -Jos°
304 SS332NS 40 ALITIgva0dd wmuw =d
- - ﬂho
- . (V)8
WﬂT&E?&w:. LLEE¢TtttPLrtLLLLLLwJ+ETETtT:LtFLEkE*EFttPTLerFTIIﬂtAE+ET:4FFThL+:tk*rtttherrrrLﬂmo

S ‘LNJHINDYHL TINNVHD

S °NOISSINSNVEL
319HIS ¥ JO SSIDINS J0 ALINBVEOL

58




.

.]84;

A5

Throughput ( S )

UoLSS LwsuRU)
LN4SSA0INS 430 A3L|1qeqodd

Figure 3.6: Tradeoff between
reliability and efficiency

59




—

and X is interpreted as an average transmission rate (transmissions per

unit time) for all N stations. Then choosing G = 0.5 leads to

0.5 = NaT

or

Noax = (2aT)" (3.17)

In the above it is assumed that a) Xis a known, fixed quantity; b) T is
the same for all stations; and c) a reliability (probability of success-
ful transmission, of only 0.368 is acceptable.

Figure 3.7 illustrates Equation 3.17 for different transmission

lengths and average station reporting rates.

3.5.2 An Improvement in Performance: Slotted ALOHA Systems

The unslotted ALOHA system suffers from low probability of

successful transmissions and low channel utilization in terms of
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throughput. Several modifications to the system have been suggested. A
popular, well studied, alternative is the slotted ALOHA system (11,
10, 12, 14b). The principle is to introduce some order into the otherwise
completely random ALOHA system. The order comes by dividing time into
slots of duration equal to the transmission length. DCP's are then
allowed to transmit synchronously with the beginning of a slot.
Otherwise, DCP's still perform independently from one another. The result
of this time slotting is that failure or loss of messages occurs only by
complete and exact overlap as illustrated in Figure 3.8.

Following Abramson (11), the analysis c¢f this system follows.

th DCP will transmit in a

Define Gi as the probability that the i
particular slot. Given N independent DCP's, the total normalized

traffic in the channel is

N
G = g G. (3.18)

Define as Si the probability that the ith OCP is the only one
transmitting in a given slot, Si < Gi' The total normalized chorne?

throughput is then

s= J s, (3.19)
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The probability of the il

completing it among the N independent DCPs is

DCP sending a message and successfully

(3.20)

which is just the product of the probability that the other N-1 stations

do not transmit in that slot.

Using the definition of Si’ it must then hold that

But if all users are identical, from (3.18) and (3.19)

Gi =-% and Si = %
so 3.21 yields
s =6(1 - N
which as N » » results in
64
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a i
. _
o >
[ S = Ge™ (3.23)
3 _
F(f Notice that if the Poisson message arrival assumption is accepted, (4
L r
! Equation (3.23) could have been arrived at very quickly. Total
throughput, S, must be total traffic times probability of successful
! transmissions; ) ‘
|
_ S = GPS _
| 3
3 But according to the method of failure described in Figure 3.7, a ]
b
: successful transmission results from no transmissions in interval T,
;é which from Equation 3.9 results in 2
PS = P[OJ = e-AT (3.24)
' L
4
where A 1is the total average message arrival rate. Using the :
definition of total traffic as, "
1
G = AT ]
) 5
| then (3.24) results in
' -
@ Ps = =6 ’
, 1
? or S = (:‘-e'G as previously obtained. A
'@ , A
: - 1
j 65
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The perforuance of a slotted AHUHA (Equation 3.23) is compared to
an unslotted (pure) ALCHA (Equaticn 3.16) in Figure 3.9. A maximum
throughput of 0.368 is achieved at a traffic of G = 1. The probability
of successful transmission remains 0.368 at this maximum throughput
condition.

The difficulty of the slotted ALOHA system in terms of C of E

applications is the requirement of accurate timing devices syfficiently accurate

to maintain sychronization of messages and slots. This added expense is
significant; the system is also more apt to destabilize and will

require higher maintenance.

3.5.3. Improvements in Unslotted ALOHA Performance

NESS and C of E have essentially selected the unslotted ALOHA system

their method of random reporting. In fact, for bursty, short messages
typical of environmental applications, the unslotted ALOHA,

random reporting, system approaches or surpasses the efficiency, in
terms of channel utilization, of operational protocols requiring more
expensive and sophisticated equipment. This 1s acknowledged by all
investigators and illustrated in Figure 3.10, which plots channel
efficiency versus message length for various protocols, including random
reporting with various success probabilities.

Many valuable results have been reported for random (uns]otted

ALOHA) reporting. Abramson (11) shows how total channel throughput can
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sicniticantly be reduced (below the 0.184 maximum) if messages of the
various DCP's are of different lengths. 1In this report message lengths
will be assumed the same for all users. Metzner (16) shows tnat
throughput can be increased (by about 5U percent) by grouping
transmitters into high and low power sets. The concept is that although
collisions may occur, high power transmissions may override low power
ones and still be received correctly. We will continue using the con-
servative view that all DCP's have the same power, and coilisions lead
to complete loss of data.

Sant (13) studies random reporting both by relaxing the assumption of
exponential inter-arrival times and by letting each DCP have an arbitrary
distribution or message transmission. He shows that when the trattic
1oad, G,, of each station 1 1s small, relative to the total traffic G
(the common case), tne throughput becomes the same as that of the
unslotted ALOHA system (Equation 3.16). Furtnhermore the throughput will
always be bounded by the unslotted and slotted ALUHA results (between
Equations 3.16 and 3.23). In summary the Poisson arrival moael is very
robust in a statistical sense.

For the Corps and most environmental data users the main concern is
the Tow reliapiiity of message reception achieved with the random
reporting scheme. The NESS Users Guide for Random Reporting (6)
proposes three methods to increase probability of successful
transmissions without changing protocols.

1. one short transmission per message: so as to achieve high

probability of success for a single transmission (i.e.,

G = 0.025 leaas to PS = 0.95).
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¢. K short transmissions per message: random spacing of the

identical messages to raise probability that at least

one of the K trials was successful. This effectively
leads to increasing transmission rates by K while keeping
message duration constant.

3. K messages in one long transmission: append last K-1

messages to current transmission, leading to K
opportunities (trials) to successfully receive
the data. This effectively increases message duration by
K and keeps transmission rates constant.
The first method can be analyzed directly using Equations (3.15) and
(3.16). Methods 2 and 3 require the following fairly simple extension.

Interpret transmission as an independent trial. Define

probability [one or more successes in K trials]

©
]

1 - probability [no successes in K trials]

Assuming Bernoulli trials
_ K
P=1-( - PS) (3.25)
Substituting from Equation (3.15):

P=1-(1-e26K (3.26)
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This equation can be used to evaluate the effect of message rep. .ion
on channel performance. For method 2 the effective total traffic, is
G = N(T, + T])KT where A is the average transmission rate of a station

in the network; To is some overhead time associated with each

transmission; and T] is the duration of data transmission. For method 3,

G=NX (T0+ KT;).

Figure 3.11 shows, assuming a target reliability for one or more
messages of P = 0.95, A = 1/hour, and T = 2, 4, and 8 seconds, the
maximum numbers of identical platforms that can share a channel under
various repetition regimes. Note that Method 3 always provides a
greater number of platforms for a given level of reliability than Method
2 or Method 1, the poorest of the three alternatives. Figure 3,12
provides similar resuits when the target probability of success is 0.99

For the cases shown, up until roughly K = 3 to 5 repetitions, the
number of platforms able to share a single channel increases
dramatically. Beyond this point, the increase in number of platforms
able to share a channel is-very small. For large K, this number will
actually start to decrease as the channel becomes heavily loaded. This
gives guidance as to the optimal number of message repetitions.

If etficiency (numbers of platforms) were the only objective, then
Method 3 should always be employed for the given example, which
approximates GOES hydrometeorological system user characteristics.
Nevertheless, recall that another criterion is the timeliness of message

receipt. Under Method 1, or cases where K = 1, there is no delay
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between message receipt and transmission. Under Method 2, a constant
one-half hour delay is observed (for the T = 2 seconds case). Under
Method 3, the average detay increases as a function of the number of repi-
titions as (K - 1) x 1/2 nour. Clearly, if timeliness is a concern,

the user taces a tradeoff between timeliness and efficiency.

The Users Guide tor Random Reporting (6) recommends Method 2 based
as orfering the best compromise between timeliness and efficiency, and we
agree. Furthermore, that document correctly recognizes from the tigures
that with a channel loading of G = 0.25, three and tive repetitions
virtually guarantee Y5 and 99 percent success probabilities
respectively. Higher loadings and repetitions lead to diminishing and

insigmificant improvements 1n the number of platforms possible. Using

that criterion and the definition of G leads to

G = 0.25 = NKAT

or the maximum number of stations is:

PP
Npay = (4KAT) (3.27)

With K equal to 3 and 5 repetitions, with Nmax or fewer stations, success

probapitities should be at least 0.95 and 0.99,respectively.

~

73

@

PE S

e Al e

SR S A 2 2. m a a 4" R .. 4=

B NN B R W S



-

iR R St T Segs s e m

Equation 3.27 is a good criterion and will play a major role in the
analysis of the next Chapter. As it stands, it requires that A, the average
station reporting rate, is a known fixed quantity. This is not the case when

DCPs adapt to temporally and spatially varying hydrologic events.

74

le

& ek i ilaah

at'aliad am'aamm  Beeanalax oa

PN VO]

et ma e Wl a

[

e .

~ —h

M e Ak . s .



—_— ..r‘*v‘( r-'.fv

MR 'vu’

yo—

R

Chu JSms on ey ot g

Chapter 4
Network Design Criteria and Analysis Procedures

4.1 Introduction

Chapter 3 discussed the tools and techniques that have been
proposed for the study of random reporting networks. Chapter 2
described the nature of Data Collection Platforms and their use in
menitoring environmental data. In this chapter we intend to establish
guidelines for the design of a national network of DCP's.

It was obvious in Chapter 2 that the number of active data
collection platforms is expected to increase dramatically over coming
years, with numbers on the thousands foreseen in the near future. For

thé Corps of Engineers, NESS, and other users, this presents a major

planning and lcgistics problem. Some cf the issues that will arise are:

1. Allocation of satellite channels (frequencies) to users.

2. Efficient distribution of data in the satellite-user
leg of the communication system.

3. Reliability of hardware and communication links.

4, Fair distribution of resources and satellite access.

5. Control and policing of users'actions that may lead to
system failure or overload.

6. Insure equitable and reliable message reception for

various users while maximizing utilization of resources.
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This work really addresses point number 6 above. It is assumed
that:

1. NESS will provide a limited number of frequencies to be
used in random reporting, limited with respect to the
number of users.

2. The communication downlink between satellite and usér is
not a problem.

3. Hardware reliability is good.

4. Control and policing activities will develop and conform
to the assumptions made in the nation-wide network design
algorithm. This last point is particularly important
since, as was discussed in Chapter 2, the options on DCP
configurations and reporting algorithms are practically
infinite. It is expected that C of E will have to maintain
some control on this configuration so as to satisfy
design assumptions as closely as possible.

Point 6 remains a problem because it cannot be addressed solely
with the procedures discussed in Chapter 3. There it is assumed that
all DCPs are transmitting at a known rate. In fact, the reporting
will adapt according to the magnitude of environmental excitation.
1t would be possible to make the assumption that all stations respond at
the maximum possible rate. Given the fact that rainfall and runoff (the
¢ environmental inputs of most interest toC of E) vary widely in space and

time over the continental U.S.A., such an assumption would be extremely
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conservative and an expensive proposition. Notice from Figure 3.11 that
assuming a modest transmission rate of 1 per hour, 3 repetitions, 2
seconds messages and the recommended loading (G) of 0.25 to achieve 95%
reliability, the maximum number of stations per channel would be about
150, a number not much above the needs of a single C of E district.

This chapter will propose a methodology to explicitly include the
variability of environmental parameters in time and space in the
decision of how to allocate channels to users. The methodology is of
descriptive nature. Given a set of parameters, e.g., possible reporting
rates, number of stations per user, climatic characteristics, message
duration, etc., the procedure will evaluate the level of performance of
the system. An alternative would have been a prescriptive model that
would configure the network so as to optimize a given set of objectives.
This approach was not taken due to the difficulties in quantifying the
pessibly many and conflicting objectives of users and managers.

Many of the ultimate design decisions should remain functions of
unquantifiable policy goals.

The methodology is not a simulation model. This approach would
have been unjustified given present uncertainty on number and possible
locations of stations and given the nature of data available.
Computationally it would have become an unwieldy exercise that could

obscure results rather than illuminate them.

77

L

[ NP )

Shabad 4o 4




P pp——

P

4.2 Streamflow versus Raintall

The Army Corps of kngineers and other users are in fact mostly
interested in river aischarge. Data Collection Platforms can be driven
by streamflow or rainfall. Streamflow is, nevertheless, a very local
behavior. The river basin and sub-basins are filters that transform
high frequency rainfall into low trequency streamflow. Although it may
be raining over a large area, the affected river basins transtorm this
input ditferently. They introduce time delays and storage effects so
that even a highily correlated spatial input will result in uncorrelated
hydrographs, time distribution of discharge at various points will not
coincide at all within or among basins. So the use of rainfall as the focus
the methodology tends to overestimate the response rate and correlation among
platforms. Rainfall will probably require high sampling rates
concurrently over large areas to an extent not probable with streamflow.

Due to the local nature of streamflow, it makes no sense to
generalize behavior. It only makes sense to talk about response where
the stations are located. At this point it is not known where stations
are located and furthermore it would be an unmanageable task to look at
all local behavior over thousands of locations even if the sites and
data were available.

Streamflow behavior is also so dependent on antecedent conditions
that generalizations of behavior from rainfall analysis seem unwise.

In summary for this project rainfall was chosen as the DCPs' triggering

phenomena. It is a conservative assumption in terms of DCP performance; data
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easily generalized due to 1ts homogeneous characteristics over areas and

1ts statistical stationarity over the time scales of interest; and as

will be seen, reasonably good data sources are available. f;
Acknowledgeably, this decision w11l introduce several problems of

operational nature. One is how can C of E district officers "translate"

reporting rates associated with discharges to rates associated with j oo

rainfall. Second is the decision over what time step rainfall is going

to be studied. These 1ssues will be discussed in Chapter 6 and 5

respectively. ’

4.3 Network Uesign Algorithm

Several assumptions are made in the suggested approach: p e
1. A "user" is defined as a Corps of Engineers District or any f

other non-overlapping geographical unit.

2. A1l users emoloy the same message length and will strive for y

14 abaedod

message reliability using repetition method 2 as

described in the "Users Guide for Random Reporting" (6) and

Chapter 3. The number of repetitions is taken to be at least .'

3, tnhe same for all usefs. “
3. A1l stations within a user have the same adaptive reporting

rate algoritnm. This implies the same "threshcld and slope” )

parameters. Different users can have different parameters.

4, Trading of umit loads between users will not be allowed.

1
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5. Each user will attempt to use up to their available umt
loads. A umit load is presently detined by NESS as 120 sec.
per day per station or 5 sec. per hour per station. This is
considered a parameter in the technique in that it can be varied.

6. Each user will design its network for a "worst" local
condition. The meaning ot “worst" will be expanded later; it
refers to possible combinations of reporting rates.

The approach taken identities two constraints in DCP deployment and

use.

1. NESS Timits each user by the unit load concept. Therefore,
each user cannot exceed its quota.

2. Message reliability has to be reasonably high for all users.
The reliability of each user is very much dependent on other
users, even though each user operating alone would not run
into a reliability problem.

With the above in mind the network design is taken in two steps:
one local and one national. At the loccl level each user configures its
network by selecting the criteria of maximizing its information, i.e., using
as much of the unit 1oads available to him. At this level reliability
will rarely be a problem, but it will be checked. At the national
level, all users, after their local design, must satisty a given level
of message reliability. If the national network fails to satisty this
reliability level, the design reverts to the local level where
adjustments in number ot stations and/or reporting rates must be made.

How to allocate these adjustments will be further discussed.
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4.3.1. Procedural Details

The underlying difficulty in the above outlined design philosophy
is that the DCP's are activated at various reporting rates by a random
climate. Therefore, the local and national constraints can be
nationally satisfied only at a given level of probability.

The unit load limitation was discussed in Chapter 3 and is
presently established by NESS. Reliability will be tested using the
results given in the “Users Guide for Random Reporting" and Chapter 3.
Based on good analysis and rationale, it was there concluded that 95%
reliability could be achieved by using repetition Method 2 with 3
repetitions and a channel loading of 0.25. Channel loading is defined

by

G=NKAXT (4.1)

where A is the averace station reporting rate of the system in messages
per second, T is the message duration in seconds, K is the number of
repetitions and N is the number of stations. A reliability of 99% could
be achieved by repeating 5 times and having the same channel loading.

With the above, it followed that for a known average station reporting

rate, A (transmissions per second), the maximum number of stations

possible (and still maintain reliability) is,

c (kT 7]
Ny = (4 KT T) (4.2)
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Notice, though, that due to the randcn climate, x is a randon

variable,

Therviere, unless A is taken at the crtremely conscrvalive

tieximum possible value, there is a finite probabiiity of havirg

(4 K T)-] > N which will leac to Tewer reliabilivy. The

nax

probability uf this cccurrence is ¢ desiyn criterion.

4.3.1.1

Local Design

A user will proceed as follows:

1.

A number of desired stations, NJ, is fixed, based on need,
tradition, etc. Subscript j indicates the user.

User j unit loads are given by

J
K'Aij * 3600(sec/hr)*T(sec)/5(sec/biv/L.t.)
1

o =

i

where AiJ is the number of messages per second at station
i of user j. There are b secunds per hour per unit ivaa.
The above is reformulated in light of the randomness of

K'Aj © 3600 T T/5 < 1 with probability Po (4.3)

vhere XJis a random variable represerting the averaye

transmission rate of user j stations and is given by:
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; iél A (4.4)

A, is a random variable because each station response rate,

J

Aij’ is unknown and dependent on the precipitation input.

For reasons that will be apparent in Chapter 5, when the
available climate information is discussed, the adaptive
reporting algorithm will be modified so that Aij can take one
of n values, depending on the rainfall accumulation of a

rainfall event. For the sake of clarity, take n=8. So,

b (4.5)

Aij = 1byjsbp;:D35:04 5055065107 :0g5}

The eight rates could depend (for example) on the following 8
rainfall conditions in any one station, respectively: 1) no
rainfall (or < 0.01 inches), 2) rainfall between 0.01 and C.5
inches, 3) rainfall between 0.5 and 1.G inches, 4) rainfall
between 1.C and 1,25inches, 5) rainfall between 1.25and 1,50
inches, 6) rainfall between 1.& and 2.0 inches, 7) rainfall
between 2.0 and 3.0 inches, and 8) rainfall greater than 3.0

inches.
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Equation 4.4 is a sum of random variables with
distribution that will tend to normality reasonably fast as Nj
increases, given that the distribution of total rainfall in
each location is generally accepted to be nearly gamma
distributed (31). Assuming normality the parameters
required to fully define the distribution of 35 are then its

mean and variance.

The mean of 75 i< aiven by:

(4.6)

where Aij is the mean reporting rate ¢t each station of user

J. This mean is given by

= . . 1] 'l
Aij b]j.P [no rainfall in i]
8
+ ) b, . . P[rainfall in interval 1 and
g2 M it rains in ij

(6.7)

The notation P[.] implies the probability of the event
described within brackets.

The variance of Xj is,
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X
b Nj
! — - 1,2 .
- Var[Ajj = () [ 'Z Var(Aij) + ;. ) cov(iy,i,)]
- J i=] 14F1, 1,
[
- (4.8)
L4
E‘: In the above the variance of Aij is given by
= _ 2 . L
Var[AiJ] (biJ Alj\ P [no rainfall in i]
] 8 -,
+ 1 (by .- 2;:)° P [rainfall in interval 2 and
=2 »J J it rains in ij
(4.9)
‘ The covariance between point 1'] and 1'2 of user j, cov(i],iz)

is given by:

" . X

. cov(iy,i,) = E [(A; & = A; Ma, . - a; 2)]

- N -

".: 3 . -

E, = (b]j - Ai]j)(b]j - Aizj) . P [no rain in_i, and no

rain in 12]

sl

8 A -~
122 (by - A5 {0y - M,

.YTY
+

) . P [rainfall in interval
2 and it rains in i2
and not in i,]

8 ~ ~
+ Y (b,: = A )by: - A; ) . P [rainfall in interval
=2 W " 1 12d 2 and it rainj in i]
and not in i
_— 2

8 ~ ~
= A, )b, . -, ) . P [rainfall in
822 12 L LR T A} P S interval 2
and it rains in ]]
and rainfall in
internal g, and
it rains i iz]

(4.10)

S A A AP

N

where E means statistical expectation.
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Keasonably assuming that the rainfall amounts are independent
end only the occurrence (or rot) of rainfalil anywrere in
space is dependent, some of the prcbabilities in (4.10)

simplify:

P[rainfall irn interval & and it rains in ip G et in 12]

= Plrain in interval g2|rainfall in 1]:.P [rainfall in 8
and nct in in

P{rainfall in interval 4, and it rains in i, and rainfali iu
interval %, and it rains in 12]

P{rainfall in interval g, |rains in i,1.P[rainfall in interval
t,lrain in 1,1 . Plrainfall ir i, and in i,].

The notation P{A[B] signifies probability uf event A given

that cvvent B occurs.

With the mean and variance cf 'X; now defined, the user can
v

draw ils distribution as in Figure 4.i.
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Figure 4.1: Probabilistic Distribution of 35

The user solves the unit load equality implied by Eq. 4.3,

T =3.60%_T7 (4.11)

and plots it in Figure 4.1. The area under the curve up to

X: is the probability that a reporting rate less than or equal

J
to X3 is observed, If this area is greater or equal to PO

then the user desired Nj and reporting rates (Equatibn 4.5)
are acceptable. If not, Nj must be reduced or the possible

reporting rates reduced until the criterion is s:cisfied.
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4. Once the unit load inequality of Eq. 4.3 is satisfied at a given
probability level, the user may use Equation 4.2 with his

chosen Nj to obtain

_ ] ,
TTEN TR (4.12)
J
If 73 > 73, then the user is satisfying unit loads

limitation with message success probabilities of 95% or more
with probability Po. If Xg < 73 then the cross hatched area
in Figure 4.1 gives the probability (less than Po) that
successful messages be received 95% of the time. If this
probability is unacceptable, the user's only choice is

to further reduce Nj or the report..: rates.

4.3.1.2 National Design

At the national level, the premise is that unit load restrictions
are satisfied and the issue is to achieve a given level of message
success at a given probability level. Using Equation 4.2 on a national

scale:

X, = 1.0/4NTK (4.13)

where N = § Nj and jeoJ means that j is an element in the set J of DCP's using
Jed

a common channel,

The rate A, is the average station rate that would be required to

achieve 95% message success probability in a system with deterministic
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response rates. Given the variable national climate, in fact the

average national reporting rate per station,

1oy og, =) J
= — A, == ) (4.14)
m jeJ J m 1 1)

)

e~ 2

1
jed Ny i
is a random variable, again with distribution approaching normality.
m is the number of users in set J.

The mean of X is,

A = A (4.15)

1y
m jeqg 9

where Aj was given by Equation 4.6.

The variance of A, var(x), is

Var [1] = 17 L var [X&]
m

Jed

+ l? 1
L IS p "j]

Y cov(i, i,)
i 6N 1,72
I2

N,
ip #
(4.16)
where the terms have been previously defined. Having
A and var[ax], the distribution of A can be drawn as in

Figure 4.2.
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Figure 4.2: Distribution of National Reporting

Rate A

If X, as given by 4.13 plots in Figure 4.2 such that the area below
it is greater or equal than tv a pre-specified level P], then the
National system satisfies all criteria: all users catisfy unit load
restrictions with probability Po and national system achieves 957 (or
whatever chosen level) success rate with probability P]. If the arca

under A, is less than Py, then the alternalives ere:
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V) try a uifferent conbination of users in the channel, a

a different set J.

2) require users to reduce the reporting rate.

3) and/or reduce the total number of stations in the
national network by requiring users to reduce their
number of stations.
There is a political and equity issue unsolved in going back te¢

users to force redesign, if it comes to that. Within the proposed ,

1

scheme, equity would be defined by making the distribution of X& (Figure -

q

4.1) look the same for all users j. Clearly, though, this objective is i

‘;

flawed since it could possibly force some users to increase rates and S

nunmbers of stations. Therefore, downward adjustments should '?

start with 1) users with large ;j and large variance, var[XJJ; 2) users : {

."4

with small areas below A3 in Figure 4.1; 3) users approaching the P0 .

criterion in satisfaction of unit load requirements. f,}

o)

" k

3 o

L" ""

3 ]

3 1

A o

E - |
5
!

.. M

-1

1

9N ]

; o




L~

Chapter 5

Climatic Data Analysis

5.1 Required Climatic Analysis

To perform the analysis presented in Chapter 4, we require the

definition of:

1)
2)
3)
4)
5)
6)

Inherent in the formulation and in the above required probabilities

P Lno rainfall in i)

P Lrainfall in depth interval g and rainfall in i]
P [no rain in i, and no rain in 12]

P Lrainfall in i, and not in i,]

P [rainfall in i, and not in i,]

P Lrainfall in i, and in izj

are several assumptions:

Both of the above are not true, so approximations are required.

For the sake of feasibility, the daily rainfall accumulations are taken

1) we have information on storm accumulation;
2) the above probabilities exist for known locations

of DCP's.

as surrogates of storm depth. Clearly this is in error if multiple

storms occur in a day and/or if storms last longer than a day.

that most important occurrences will be well represented within this
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24-hour period. The choice will create operational problems in making
streamflow-rainfall comparisons, necessary to rationally obtain

reasonable and valid reporting rates, bi" needed for analysis. This

J
will be addressed in Chapter 6. On the other hand, a 24-hour accumulation
of rainfall will lead to higher correlations in space, a conservative assump-
tion that will tend to 1imit allowable numbers of DCP's in a chaﬁne].

The assumption that potential locations of DCP's are known and that
the necessary data or probabilities exist is untenable. At best, the necessary
data will be available (as will soon be presented) over a reasonably dense grid
covering the conterminous United States. The agreement of grid points with
a future or existing DCP location would be coincidental. Given the above situation,
it will be assumed that available data (at points) are representative of a homo-
geneous climate over its "area of influence." Its area of influence will be
defined by its corresponding Thiessen polygon. It will then be assumed that
DCP's within a polygon have the probabilistic and climatic characteristics of
the corresponding data point. Since the locations of potential DCP's within users,
C of E Districts, are not kﬁown, it will be further assumed that they will be
uniformly distributed within each District. For example (see Figure 5.1), de-
fine Nj as the number of stations in District j, in the Figure there are 2
districts separated by a sinuous boundary; define aij as the sub-area of the
Thiessen polygon i (i.e., data point i) within district j; and Aj
the area of district j. Then, the number of stations in district j,

responding to the climate of data point i is,
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Say that in Figure 5.1, if the area of district 2, AZ’ were 100, with
ay, = 70, azp = 25, and 3y = 5, and if 10U DCP were to be allocated

for District 2, then there would be

.10 =

DCP's responding according to the climate of point 1, and

_ 25 _.

responding according to point 3 and similarly 5 (or N42) responding according

to point 4.

5.2 (Climatic Data Sources

A search of literature and data sources yielded several good leads
in the statistics of rainfall over the U.S.A. A brief summary of these
sources follows:

1. Klein [32] gives a complete study of tracks (primary and

secondary) as well as the frequency of genesis of low pressure

—-'- -




Figure 5.1: Schematic diagram showing two users
and four precipitation stations
with corresponding Thiessen polygons
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; s
' centers (cyclones) over the Northern Hemisphere. This
information is peripheral, but it could provide qualitative
:!: intormation as to where to expect correlation between the
? occurrence ot storm events.
; 2. Jorgensen and Jorgensen, et al, 130, 31] use a data set
r!! . with 108 stations over the conterminous U.S.A. and 15 years of
. record to:
E”' a) give the probability of rainfall in any of the 108
?. stations, on a monthly and seasonal basis for any of
f 7 different time periods in a day (0-§, b-12, 12-18,
. 18-24, 0-12, 12-24, 0-24).
;‘ b) give the probability of rainfall depths in 7
: intervals (0.01-0.1, 0.1-0.25, 0.25-0.50, 0.50-1.00,
;_" 1.00-1.5, 1.5-2.0, 2.0 or greater) conditional on
. the occurrence of rainfall in any of the 108
stations for the 7 different time periods described
above for four seasons.
¢) give the number ot “"wet" and "dry" periods per

station, per season.
d) hypbthesize that ctwmatic behavior over tne U.S.A.
can be divided in
~-- east and west of the Kockies
-- and according to average rainfall
accumulation per wet period.
e) hypothesize that raintall depths are gamma

distributed.
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The original data set of Jorgensen is apparently lost and

efforts te obtain it failed.

A very complete data set was located at the University of

I1linois. Atter extensive discussions the following has been

concluded:

a) Ihe full data set includes 51 tapes. Processing of
desired stations, including some accounting for data
errors is infeasible due to budget [imtations.

b) A data subset of about 200 stations exists.
Unfortunately, this is storm data. The actual time of
storm occurrence is not preserved in the subset. wuur
analysis is impossipie without this information.

Some recent literature (34) argues that tne distribution of

storm areas may be obtainea trom point (station) information.

This applies to nomogeneous climatic regions. In order to use

this concept, we must make subjective assessment of these

regions. This is possiple, but considered a secondary
approach to obtain the i1ntormation we needed.

The N.W.>. 1echniques Development Laboratory uses a data set

containing about 10 years of data, i1n an hourly basis, for

about 250 stations throughout the U.S.A. The Techniques

Development Laboratory cooperated 1n selling us this

intormation. The nature ot these data will be better defined

in the next subsection. It is important to state that this
data set is the one used to calibrate weather torecasting

models used by the N.W.S.
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It is important to note that Jorgensen, et al, (31) provide us
with the first 2 probabilities needed in this analysis. As Section 5.3
will discuss, it is possible to approximate all the necessary
probabilistic information from their analysis. A more complete approach
uses TDL's raw data. This alternative, although considerably more
computationally burdensome, was selected. It is discussed in Section

5.4.

5.2.1 The Techniques Development Laboratory (TDL) Data Set

The National Weather Service's Techniques Development Laboratory
compiles data for 255 stations: 236 over the conterminous U.S.A., 14 in
Alaska, 4 in Hawaii, and 1 in Puerto Rico. The data includes several
parameters, viz., precipitation, temperature, dew point temperature,
wind, etc., and is stored in 3 hour intervals. These data are utilized to
develop meteorological predictors which form part of the Multiple Qutput
Statistics (MOS) system (33).

The Techniques Development Laboratory agreed to sell a portion of
this data set. Analyzed were daily rainfall accumulations of the 236
stations over the conterminous U.S.A. The period of record available
consists of 9 years from October 1, 1972 through September 30, 1981.

An alphabetical listing of all stations is given in Table 5.1.
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Table 5.1: Names of Stations in Techniques Development

Laboratory Data Set (33)

STATION

1 3J103FLAGSTAFFy ARIZ
2 3812ASHEVILLEs NC

3  3B13MACONs GA

4 3820AUGUSTArs GA

3 3B225AVANNAH» GA

6 J856HUNTSVILLE, ALA
7 IB60HUNTINGTONs W VA
8 3870GREENVILLE, SC

? J3872BECKLEY» W VA

10 3927FORT WORTH, TEX
11 3I928BWICHITA» KANS
12 39371L.AKE CHARLES» LA
13 3940JACKSON» MISS
14 3945C0LUMEBIAs MO

15 3747KANSAS CITYs MO
16 A4725BRINGHAMTON, NY
17 4751RRADFORD, FA

18 116415AN .JUAN, F.R.

ID NUMBER

N ON O D WM -

- -
- O

-
3

[ S
0N O D N

19 1283ATIAYTONA REACH» FLA 19

20 12835F0ORT MYERS» FLA
21 128B36KEY WESTs FLA

22 12839M1aMIy FLA

23 128410RL.ANNO, FLA

24 12842TAMPAY FlLA

25 12B44WEST FALM REACH»
26 12884ROOTHVILLE, LA
27 12912VICTORIA, TEX

28 12%9146NEW ORLEANSs LA
29 12919BROWNSVILIE: TEX
30 12921GAN ANTONTIO» TEX

20
21
e e d
22
-
A

24

Fl.LA 25

26
2?7
28
29
30

31 12924C0RFUS CHRISTI» TEX 31

32 12960HOUSTONY TEX

32

33 13722RALETGH-NURHAM» NC 33

34 13723GREENSROROs NC
35 13729EILKINSy W VA

36 13733LYNCHRURG» VA

37 13737NORFOLKy VA

38 13739FPHILANELPHIA, PA
39 13740RTCHMONDI, VA

40 13741ROANOKEs VA

41 13743WASHINGTON, RC
42 13748WILMINGTON, NC
43 13781WILMINGTON, REL
44 13B65MERINIAN, MISS
45 13B66CHARILESTON, W VA
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Table 5.1: Cont.

STATION

13873ATHENS» GA
13874ATILANTAr GA
13876RIRMINGHAM, ALA
13877BRISTOLs TENN
13880CHARLESTON, SC
13881CHARLOTTE, NC
13882CHATTANODGAY TERN
13883COLUMREIA, 5C
13889JACKSONVILLE» FLA
138921KNOXVILLEs TENN
13893IMEMPHIS, TENN
13894M0O0RILEy ALA
13895MONTGOMERY» ALA

138B27NASHVILLEY TENN
13899PENSACOLAY FLA
13935ALEXANDRIAY LA
13957SHREVEFPORT» LA
13958AUSTINyY TEX
13959WACO, TEX
13960NALLASy TEX
13962ABILENEs TEX
13963LITTILE ROCKy ARK
139264FORT SMITHs ARK
13966WICHITA FALLSy TEX
1394670KILAHOMA CITY, OKLA
13988TULSAY OKLA
13970RATON ROUGEs LA
13984CONCORNIAY KANS
13985NONGE CITYs KANS
13993ST JOSEFH» MO
1399487 LOUIS, MD
13995SPRINGFIELD MO
1394TOPEKAY KANS
14605RANGORs ME
14607CARIROUy ME
14732NEW YORKys NY
14733RUFFALOyY NY
14734ANEWARK s N.J
14735AL.BANY» NY
14737ALLENTOWN, PA
14739BOSTONy MASS
14740HARTFORDy CONN
14742RURLINGTON, VT
147A5CONCORDy NH
14751 HARRISBURGyY PA

100

ID NUMBER

44
47
48
49
50
51
32
53
54
99
56
S7
S8
59
60
61
62
63
64
63
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
8é
87
88
89
?0
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STATION ID NUMBER
‘ 91 14764PORTILAND, ME 91
~ 92 1476SPROVIDENCEs RI 92
‘! 93 147468ROCHESTERs NY 93
94 14771SYRACUSE, NY 94
95 14777WE SCRANTON» FA 95
96 14778WILLIAMSPORTs PA 96
97 14819CHICAGD MIDWAY» ILL 97
H 98 14820CLEVELANR, OHIO 98
' 99 14821COLUMRUS, OHIO 99
g 100 14826FLLINT» MICH 100
‘ 101 14827FORT WAYNE, IND 101
102 14836LANSING, MICH 102
- 103 14837MANISON, WIS 103
b 104 14839MILWAUKEE, WIS 104 1
g 105 14840MUSKEGON, MICH 105 .
i 106 14842PEORIAy TIL 106 ]
107 14847SAULT ST MARIEs MICH107 ]
108 14848SQUTH RENIly IND 108 3
109 14850TRAVERSE CITY, MICH 109 _—
110 14852YDUNGSTOWNy DHIO 110 ]
111 14860ERIE» PA 111 o
112 14895AKRON-CANTON, OHIO 112 +
113 14898GREEN BAYs WIS 113 ‘
114 14913NULUTH, MINN 114
115 14914FARGOs N TAK 115 :
116 14918INTL FALLSs MINN 116 . q
117 149201.ACROSSE, WIS 117 ®
118 14922MINNEAFDLTS, MINN 118 ]
119 14923MO0LINE, TLL 119 o
120 14925ROCHESTERy MINN 120 RS
121 14929ARERNEENs § DAK 121 o
122 14931RURLINGTON, TOWA 122 °
123 14933NDES MOINESs 10WA 23 - 4
124 14935GRAND ISILAND, NERR 124
. 125 14934HURONs § DAK 125 E
i 126 14940MASON CITY» I0OWA 126
' 127 149420MAHA, NERK 127 |
3 128 14943SI10UX CITY, TOWA 128 °
, 129 14944SI0UX FALLSs S NAK 129 -
3 130 14991EAU CLAIRE, WIS 130
g 131 21504HILOs HI 131
- 132 22010DEL. R10» TEX 132 1
. 133 22516KAHULUY, HY 133 ;
F 134 22521HONOLULUsHT 134 o ]
. 135 22538LIHUE, HI 135 1
1
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Table 5.1: Cont.

134
137
138
139
140
14)
142
143
144
145
146
147
148
149
150
151
152
- 153
154
15%
156
157
158
159

160"

161
142
162
164
165
166
167
1468
169
170
171
172
173
174
175
176
1727
178

STATION ID NUMBER

23023MIM.ANDs TEX
23034S5AN ANGELOy TEX
230421.UBROCK, TEX
23044El. PASO, TEX
23047AMARILLOY TEX
23048TUCUMCARI» N MEX
23050ALBURUERQUEY N MEX
23062DENVERy COLO
23045600DLAND, KANS

1364
137
138
139
140
141
142
143
144

2J066GRAND JUNCTIONy COLO143

23090FARMINGTONy N MEX
231292LONG REACH» CALIF
2I1SITONOPAH, NEV
23154ELYy» NEV
23155RAKERSFIELD, CALIF
2I1G9RRYCE CANYON» UTAH
23160TUCSONs ARIZ

23161 NAGBETT, CALIF
231691.A8 VEGASs NEV
231741.0S ANGELES» CALIF
23183PHOENIXs ARIZ
2318SRENOY NEV

23188SAN NIEGD: CALIF
23124UWINSLOW, ARIZ
FIT9PSYUMAY ARIZ
232300AKLANDy CALIF
232328ACRAMENTO, CALIF

146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162

232345AN FRANCISCOs CALIF163

23237STOCKTON, CALITF
23273SANTA MARIA» CALIF
2A011BRISHARCKY N DAK
24013MINOTy N DAK
24018CHEYENNE,  WYO
24021LANDERy WYD
28023NORTH PLATTEs» NERR
24025PIERRE» S DAK
24027R0OCK SPRINGS, WYOD
24028SCOTTSKLUFF» NERR
24029SHERIDAN, WYOD
24033RBTILILINGSy MONT
24089CASPERy WYD
24090RAPIN CITY» S8 NAK
R3121E1L K07 'NEV
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Table 5.1: Cont.

STATION ID NUMBER '

179 24127SALT LAKE CITYs UTAH179

180 24128WINNEMUCCA» NEV 180 -
181 24131ROISE, IDAHO 181 . ‘
182 24134RURNS, OREG 182
183 24143GREAT FALLS, MONT 183
184 24144HELLENAy MONT 184 .
185 24146KALISFELLY MONT 185
186 24153MISSOULA, MONT 186 .
187 241SSPFENDLETONs OREG 187 )
188 24154F0CATELLOs IDAHO 188 ]
189 24157SPOKANEs WASH 189 :
190 24172L.0VELDCK, NEV 190 ]
191 24193WENDOVER, UTAK 191 3
192 24214RED RLUFF» CALTF 192 o
193 24221EUGENE» OREG 193
194 24225MENFORL, OREG 194 ]
195 242270L.YMPIA, WASH 195 1
196 24229FORTLAND, OREG 196 3
197 24230RENMONT, OREG 197 3
198 24232SALEM» OREG 198 )
199 24233SEATTLE-TACOMAs WASH199 ]
200 24243YAKIMA» WASH 200
201 242?83ARCATAs CALIF 201
202 24284NORTH RENDs OREG 202
203 2?S30BANNETTE, AK 2034 -
204 25309JUNEAU, AK 204 ,
205 25339YAKUTAT, AK 20" 'y
206 ?5S03KING SALMON, AK 206
207 25624COLN RAY, AK 207 5
208 25713ST. PAUL ISLAND, AK 208
209 26411FAIRRANKSy AK 209
210 26451ANCHORAGE s AK 210 .
211 26510MCGRATHy AK 211 .
212 26615BETHELy AK 212 -
213 24616KOTZERUE, AK 213
214 26617NOME, AK 214 1
215 27401KARTER ISLANDY AK 215 '
216 27S02BARROW, AK 216 ,1
217 93037C0LOKRAND SFGSy COLO 217 -
218 930447UNT, N MEX 218 3
219 9304STRUTH OR CONS, N MEX219 ]
220 93058FUERLOy COLOD 220 1
221 93129CFDAR CITYs UTAH 221 1
222 93193FRESNO» CALIF 222 )
"
3
103 i
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Table 5.1: Cont.

STATION ID NUMBER
223 93721RALTIMORE s MD 223
224 93729CAFE HATTERAS, NC 224
225 93730ATI.ANTIC CITYs NJ 223
226 93738BWASH-NMULLESy VA 226
227 93739WALILOPS XSILAND, VA 227
228 93805TALLAMASSEE, FLA 228
229 938B14CINCINNATIs OHIOD 229
230 93815DAYTONy OHIO 230
231 93817EVANSVILLE, IND 231
232 93819INDIIANAPOL TSy IND 232
233 S3IB20LEXINGTON, KY 233
234 93821L0OUISVILLE, KY 234
235 93B22SPRINGFIELDy TI.L 23%
234 $3987LUFKINY TEX 236
237 93997RUSSELL» KANS 237
238 940080G1.ASB0Ws MONT 238
239 94012HAVRE» MONT 239
240 94014UWILLISTONy N NAK 240
1241 94224ASTORTAy OREG 241
242 94240QUILLAYUTE, WASH 242
243 94702RRIDGEFPORY» CONN 243
244 94725MASSENAy NY 244
245 94789NEW YORKy NY 245
2446 94814HOUGHTON LAKE, MICH 246
247 94822ROCKFORDy ILL 247
248 94823FITTSRURGH, FA 248
249 94830TOLEDRO, OHIO 249
250 94BA46CHICAGO, TLL 250
251 94847DETROIT, MICH 251
252 94849ALPENA, MICH 252
253 94R60GRANI RAFINGy MICH 253
254 94%908NURUAUE, IOWA 251
255 94910WATERLOD, INWA 255
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5.3 Approximate Analysis Based on Jofgggsen et al. (31)

As previously stated, Jorgensen et al. (31) give the first two items of the
necessary probabilistic information for 108 stations over the U.S.A.
The locations ot the stations are illustrated in Figure 5.2. The
probabilistic information 1s given for the necessary Z4-hour period and
a reasonable discretization of rainfall depths. Lacking were the
necessary joint probabilities, items 3 throughé 1n Section 5.1.
Since the original data set is unavailable, the missing probabiiities
are not attainable except through approximations.

For example, assuming complete independence would result in:

P{rain in " and rain in 12] = P[rain in 1l PlLrain in i2]

PLno rain in i] and no rain in IZJ

= P[no rain in i]] PLno rain in 12]

Plrain in 1, and no rain in iz] = P(rain 1n i]] P(no rain in i2]

105
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OF PRECIMTATION (0 C1 MoAE)

JANUARY, 18T - 4ol

Figure 5.2: Locations of stations in Jorgensen's

data set (31)
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PLno rain in i, and rain 1n 1, = Plrain in i,] P[no rain 1n
1 2 2

i]]

The above are fully defined by the Jorgensen, et.al., (31) results and

readily obtained. They respresent a lower limit tor the joint
probabilities o% events or no events. This is a minimum positive
correlation case.

A maximum positive correlation case is obtained as follows.
is the number of rainy everts in i], Ni is the number of rainy

2
events in 12, and M the number of days in the record, then

Min{N, , N, ]
L o Y27
P[rain in 1, and rain in i,] < H = P,

Min[M-Ni )’(M'Ni )]

Pno rain in iy and no rain in i,] < & z_ -

For N. > N.
" 2

P[rain in i and no rain in iZ] :

P[no rain in i] and rain in i2] > Py
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Fer N; > N.
2

Plrain in iz and no rain in i]j ~ ——— = P3 (5.9)

P(rain in i] and no rain in 12] > P

If this approach were to be taken, a set of rules would have to be

defined in order to decide when to use the independence or the maximum

positive correlation case. One such set may be:

1) Stations east of the Rockies are independent of stations on or

west of the Rockies.
2) Within the east and west regions independence will be tested
by comparing mean storm depths over the 24 hour period.
3) Areas of doubt will be decided on the basis of qualitative
mean storm track knowledge as given by K]e}n, (32).
A possible statistical test is the t test for two independent
samples when variances are assumed equal. The hypothesis is that the

difference of the true means is zero. The test is based on the

statistic
Xy - X
t = ]‘ i~ : (5.6)
So Grt )
] 2
where
108
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E] ( x;) EZ ( X,)
Xq: = X + Xog: = X
N I R

0 " + n, - 2

(5.7)

The t value is compared with t, .o @ t distributed variable

Nyt
with n,+n, - 2 degrees of freedom at an a level of significance.

In our case " and n, are the number of rainfall days in a season at stations 1 and
2. The means, RH and §é are the average accumulations for a given time period.

The combined variance can be computed as:

7 7
— 2 / —
) M Z](xlz = X )TPDxy 0+ Z] (X9~ xz)z Plxp,) - 1y
S = 2- 2-

2 2
_ M Sy RS, (5.8)
n] + n2 -2

where P[xz] is the probability that if it rains the amount will be in
the 2th interval of the 7 defined by Jcrgenser, et al (31).
Following are two examples.
For the spring months of March, April and May the average 24 hour
accumulation in Kansas City, Mo., is 0.32 in. The corresponding average
in Hartford, Conn., is 0.32 in. Are the two means statistically the
same?
For an answer, use Equation 5.8, with Xq, as the mid value of interval & as

defined by Jorgensen et al. (31),
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For Kansas City, ny = 464

= (.085 - .32)%(1.00 - .62) + (.175 - .32)%(.62 - .40)

T s

-— N

+ (375 - .32)%(.4 - .22) + (.75 - .32)%(.22 - .07)

!! _ +(1.25 - .32)%(.07 - .03) + (1.75 - .32)2(.03 - .01)
2 _
+ (3 -.32)2 .01 = .21
[!
‘ For Hartford, n, = 508
¥
¢ 2 2 2
S5 = (.085 - .31)%(1 - .64) + (.175 - .31)%(.64 - .43)
2 2
+ (.375 - .31)5(.43 - .21) + (.75 - .31)%(.21 - .06)
+ (1.25 - .31)%(.06 - .02) + (1.75 - .31)2(.02 - .01)
+ (3 - .31)2(.01) = .19
Therefore,

2 _ 464(.21) + 508(.19) _
g = it g L = 17
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The t statistic is R
! &
t = .32 - .3] .38
V464 508 ]
"J
The t distribution at a = .01 for a 1 sided test is 2.326. The
comparison indicates that our value is well inside that upper value
L
indicating that we cannot reject the hypothesis that the means are the
same.
For Louisville, Ky., ny = 534 .
"-«
P
s2 = 0.23
.
when compared to Hartford - 4
S2 _ 534(.23) +508(.19) _ 21
0 534 + 508 - 2 : o
and -
o
t = .36 - .31 = 1.75 _
1 1 14
.46(m + -S-Ug)

]
which indicates that the hypothesis of equal means is accepted at the ° ]
0.01 level but is rejected at the 0.05 level. This would be an unclear B
case, but it indicates relative power of the test.
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5.4 Analysis of the TDL Raw Data Set

The most obvious approach to estimate the necessary joint

probabilities is to analyze raw data. With the TDL data set, the record

can be scanned to count the number of rainy days in any one station; the

number of days with rain in a given depth interval & in station i; the
number of couincident wet days in any pair of stetions; dry days in any

pair of stations; and wet-dry in any pair of stations. Define these as
1 NZ N3

Noy Nooy N3 ooy NS o NS
"y N7 "l

1Y 1k

N
i,
P Lrain in i, and rain in i,] = m (5.9)
Né 1.
P (no rain in i] and no rain in iz] = —-i%ig (5.10)
NS,
. L "2
P [rain in iy and no rain in 12J = M (5.11)
(N F N8 LN )
P Lno rain in i, and rain i, j = 1 - 2 112 112
no ] 24 M
(5.12)
”i
Plrain in iy = w (5.13)
112

respectively. Then probability estimates are
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:t P(no rain in i] = 1- ' (5.14)

: . . : Niz

i Plrainfall in depth interval g and rainfall in i. = - (5.15)
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CHAPTER 6
Model Application and Case Study

6.0 Introduction
Appendix A provides an illustrative example of how the data
analysis program works. This Chapter intends to illustrate the
procedure with a somewhat more realistic case study. In doing so, the
following objectives will be satisfied:
1. Discuss the preliminary steps necessary for network design.
These include:
a. computer coding the Corps ot Engineers Districts map
and precipitation stations locations.
b. obtaining Thiessen areas for each station in each
C. E. district in the nation.
C. processing the precipitation data from the Techniques
Development Laboratory.
2. Illustrate how to obtain transmission rates and relate them to
rainfall totals.
3. Show how to evaluate hypothetical networks for various Corps of
Engineers districts using a single satellite channel and

adaptive random reporting.
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6.1 Data Pre-Processing and Analysis

The purpose of this section is to review the key steps in the
geographical and climatological data analysis required to generate the
files for both prototype and production model application of DCPMAIN.
Details of.the character of the files needed for input to DCPMAIN are
included in Appendix A. Details of the analysis models used to produce
these files are presented in Appendix B.

Two distinct data sets and types of information are required by
DCPMAIN. First is the geographical information -- the Thiessen areas
and associated rainfall stations for candidate users. Because this
project focuses on design of random reporting data collection networks
for C of E users, the existing Corps district structure was used as the
basis for identifying candidate users. There are currently 36 C of E
districts, as shown in Figure 6.1, and each district was assigned a

user numbe:i' User numbers are also displayed in Figure 6.1.
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The computation of Thiessen areas and associated rainfall stations
required:

1. a digitized map to display the relative location of user

boundaries; and

2. the location of rainfall data collection stations.
In order to construct the digitized district map, a 224 by 136 cell grid
overlay of the "December 1970 Division and District Boundaries" map of
Corps districts was developed. Each point on the grid was assigned to a
Corps district, or a "null" district outside of the area ot interest.
This assignment was accomplished using program CAPPER which takes as
input data on district boundary coordinates. The resultant digital map
was verified and stored in File MAP. A display of the output map is
shown as Figure 6.2. The information on rain gauge station locations
was developed from NWS publications and TDL data sheets. The longitude
and latitude locations were transformed to grid locations for input te
Program MAPPER, the program for computation of Thiessen areas. For each
of the 36 user areas, the rainfall stations influencing the area, and
the fraction of total district area which each station influenced, were
stored in FIL1, the geographical information file, generated by program

MAPPER.
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The second key type of information required is climatological data
-- specifically information on rainfall throughout the conterminous
United States. As noted in Section 5.2.1, the NWS TDL data set of
rainfall data at 6-hour intervals for 255 stations, was selected as the
most suitable source for climatological data analysis. This data for 9
years from October 1, 1972, through September 30, 1981, was obtained on
magnetic tape.

The data were analyzed using Program ZAPPER to evaluate numbers of
events, and TAPPER to convert these numbers to relative frequencies of

occurrence of events. The analysis was conducted for 4 seasons as

follows:
Season  Months
1 December, January, February
2 March, April, May
3 June, July, August
4 September, October, November

For each season, two types of information were generated:

1. A station file containing information on probabilities of
rainfall for various depth classes for each of the 255 rainfall
stations; and

2. A cross or paired station file containing information on
probabilities of joint occurrence of rainfall between each of

the possible pairs of rainfall stations.
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These data provide the climatological input to the analysis of random
reporting data collection platform networks.

The type of data needed have been described extensively in Chapter
5. For each station, the probabilities of events in the following depth

intervals and under the following conditions are obtained:

a. 0.00 - 0.01 inches
b. 0.01 - 0.50 inches, given rain
c. 0.50 - 1.00 inches, given rain

d. 1.00 - 1.25 inches, given rain

e. 1.25 - 1.50 inches, given rain

f. 1.50 - 2.00 inches, given rain

g. 2.00 - 3.01 inches, given rain

h. 3.00+ inches, given rain.
In addition for each pair of stations the following probabilities are
obtained:

a. no rainfall at i and no rainfall at j

b. no rainfall at i and rainfall at j

c. rainfall at i and no rainfall at j

d. rainfall at i and rainfall at j.
The station data are stored in files F2S1, F2S2, F2S3, and F254. The
cross station or paired station data are stored in files F3Si, F3S2,
F3S3, and F354.

This completes the overview of the geographical and climatological
data processing and analysis. The sections that follow present first a
discussion of determination of reporting rates, and then a review of the

prototype model application.
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6.2 Determining Reporting Rates

Recall from Chapter 2 that most DCP's set their message transmision

rate according to an algorithm of the form:
RATE = MAX[BASE RATE, (A*CHANGE IN PARAMETER)]

For example, the New England Division has suggested the following
parameters for a typical station (Jewett City, CT) in their area:

For flows less than 8080 cfs, the base rate is 1 message every 12
hours (2.31 x 10'5 mess/sec). For flows between 8080 and 14450 cfs the
base rate is 1 message every 2 hours (1.39 x 10'5 mess/sec). For flows
above 14450 cfs the base rate is 1 mesage every 30 minutes (5.55 x ]0'4
mess/sec). Parameter A is 3.33 x 10'2 and a sample is taken every 1800

seconds (0.5 hour) to check for parameter changes. In summary the

reporting algorithm is:

2.31 x 1072

RATE = max | 1.39 x 10~%. 3.33 x 1072 (}%%%5)
or 4

| 5.55 x 10 ]

where Ax is the change in stage in the last half hour, in feet. Figure
6.3 shows how the base rates plot versus discharge. The resulting step
function is shown in dashes.

To get an idea of what would be the maximum transmission rate at

Jewett City, we studied the largest flood on record [42]. In August 20,
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1ybb the peak discharge was recorded at 40,700 cfs. Previous to that
event the largest flood had been 29,200 cfs. During the August 20,
1955, flood, the largest observed change of state in one hour was 1.1
feet which approximately gives a 0.5 ft. change in halt an hour.
According to the reporting rate algorithm this would have led to a
message about every 15 minutes (0.11 x 1072 mess/sec). This rate is
plotted with dots in Figure 6.3, starting at 30,000 cfs (the second
largest flood in the record).

The eight reporting rates needed in our analysis (Chapter 4)
correspond to a peak reporting rate achieved during a rain-flood event.
Since all stations within a user utilize the same set of reporting
rates, it is assumed that although different basins and streamflow
stations within a user will achieve different peaks, the user would want
similar time resolution at the peak for all sites.

It is then reasonable to state that the eight reporting rates we
are looking for should lie between the lowest dash line and the dotted
line in Figure 6.3. The rates and discharge break points are determined
by arbitrarily (but reasonably) dividing the ordinate and abscissa
between dash and dotted lines in Figure 6.3, resuliting in the step
function shown in solid lines. Notice that more sampling resolution was
added in the lower discharge ranges, which are the most common and were
somewhat sparse in reporting frequency. The abscissa in the Figure now

represents peak discharge. It must be translated to rainfall
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accumulation in 24 hours, according to the limitations of our analysis.
;‘ In following the above procedure it is implicitly assumed that: a)
large rates of change in stage are associated with large floods, and b)
that all DCPs within the influence of a precipitation station peak

simultaneously. The first assumption is reasonable and the second will

lead to conservative results in terms of number of DCP's in a channel.
There are many existing methods to translate peak discharge to
total rainfall accumulation. A possibility is to use the techniques

suggested by the Soil Conservation Service (43),

(6.1)

where QP is peak discharge in cfs; A is basin area in square miles; PE
is effective total precipitation (runoff) in inches, and tp is time to
peak discharge from the beginning of rainfall. This time can be

expressed as (43)
ty
t, = '2—"’ t (6.2)

where t  is the storm duration (hours) and tz is a "lag" time, related
to the invariant time of concentration, defined as the time in hours

from storm centroid to peak discharge. The effective precipitation or
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runoff (PE) can be reasonably obtained for any basin using the Soil
Conservation Service "curve number" concept or using traditional
anteced;nt precipitation index coaxial solutions. The lag time (or the
time of concentration) is again generally available or reasonably
estimated.

For the sake of this example we “calibrated" Equation 6.) to the
August 20, 1955, flood. From the literature (42) tz was estimated as
72 hours; total gross rainfall over the period as 10.5 inches; and a
runoff coefficient as 0.6. This leads to PE = 6.3 inches (10.5 x 0.6).
The tributary area to Jewett City station is 711 miz. QP was seen to be
40700 cfs. Solving Equation 6.1 results in time to peak (tp) of 53
hours. Using this value in 6.2 yields a lag time, t, of 17 hours.

Having tz it is now possible to associate each QP in Figure 6.1

with a gross 24-hour precipitation accumulation (still assuming a runoff

coefficient of 0.6). The Equation is simply

i G+ g, %
P= —@nmpos) = 798 (6.3)

The results are indicated in the second abscissa in Figure 6.3.
From them, reasonable breaking points (or rainfall intervals can be
defined for our analysis. They are shown in the third abscissa in the

Figure. In summary, the reporting rate algorithm for Jewett City is:

125

—1




T ~ T——r T Y T T o — —————— T e -
——— e~ LR il M . N ® '

1 bi}(mess/sec) rainfall interval (inches) :
1 2.315 x 107° 0 - 0.01 :
2 7.0 x 107° 0.01 - 0.5

3 10.5 x 107> 0.5 - 1.0 ~
4 13.89 x 107 1.0 - 1.25 j
5 34.0 x 1070 1.25 - 1.5 i
6 55.5 x 10° 1.5 - 2.0 3
7 75.0 x 107> 2.0 - 3.0

8 111.0 x 107° > 3.0

-4

The above reporting rates will be assumed for the New England
Division Corps of Engineers in our illustrative example. The rainfall
intervals correspond to the ones used in our analysis of the Techniques

Development Laboratory data.

6.3 Case Study Results

In practice each district should follow an exercise similar to the
one outlined above for the New England Division. For the purposes of
our hypothetical case study, the reporting rates schedule for each
district studied will be the same, equal to that computed for the New [
England Division. It will also be assumed that each district will have

80 DCPs.and message duration of 3 seconds. The unit load limitation
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will be set at 5 seconds per station. The season studied will be the
months of June, July and August, season 3, and 3 repetitions of a
message are allowed.

In the first experiment, New York (28), Buffalo (27),
Baltimore (30) and Pittsburgh (26) districts are assumed operating in one
channel. In a second experiment we consider New York (28),
Cincinnati (17), Tulsa (12) and Sacramento (8). The numbers in
parenthesis correspond to the identification numbers in the computer
files containing our digitized map. Table 6.1 gives the input data
sequence for both runs.

Given the experiments design, any differences in results would be solely

due to differences in precipitation statistics of the various group of users.

It would be expected, and can be confirmed from statistics file F3S3 that Case 1

users would show much higher correlations of events than Case 2 users. This
should lead to differences in reliability levels.

Case 1 results indicate that individual users have little problems satis-
fying unit loads or reliability criteria. Also notice the similarity of the
basic statistics of the users, means and variances of reporting rates. The
reliability of successful message transmission for all users in Case 1
together is 0.8944. Remember, this implies that about 11 percent of the time

less than 95% successful transmissions are achieved.
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Case 2 results show much larger differences in individual stations
statistics. Nevertheless, individual users again have little trouble satisfying
unit load and reliability criteria. In contrast to Case 1 the group performance
is much better showing a 0.9773 probability of meeting the 95% reliability
criteria. This implies that failure to satisfy this level of reliability occurs
only 3% of the time versus 11% in Case 1.

It seems that climatic effects can be fairly important in network design.
The user of this system can experiment with various configurations of users

looking to maximize performance and number of users per channel.
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Cases 1 and 2 Results
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Appendix A

DCPMATN USERS MANUAL

A.1 Introduction

DCPMAIN is a statistical algorithm written in standard Fortran IV,
for the analysis of adaptive random reporting data collection networks.
Details of the algorithm are given in Chapter 4 of this report. This
software is intended to serve as a screening tool for the design and
evaluation of DCP networks adaptively responding to spatially and time
varying climate. The subsections which follow will provide users of
DCPMAIN with the information necessary for its use.

Several modeling assumptions were made during program development
and are summarized below:

1. A "user" is defined as a Corps of Engineers District or any

other non-overlapping geographical unit.

2. A11 users have the same message length and will strive for
message reliability using repetition Method 2 as described in
the "Users Guide for Random Reporting (6)". The number of
repetitions is taken to be at least 3, the same for all users.
The number of repetitions is a user controlled parameter.

3. A1l stations within a user have the same adaptive reporting
rate algorithm. This implies the same possible reporting

rates. Different users can have different parameters.
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4. Trading of unit loads between users will not be allowed.

5. Each user will attempt to use up to their available unit
loads. A unit Toad is presently defined as 120 sec. per
day per station or 5 sec. per hour per station, whatever
is limiting over the daily or hourly intervals. Nevertheless,

this is a user controlled parameter.

A.2 Model Description

DCPMAIN evaluates performance of adaptive random reporting data
collection platforms operating on a single GOES channel at both local
and national (or regional) levels. The model first evaluates DCP
performance at the local or user level. Following this, calculations
are made to assess network performance on a nation-wide or channel-wide
basis. The general structure of DCPMAIN is illustrated in the logic
flow chart of Figure A.1.

Due to the seasonal variations in the climatology of the continental
U.S., DCPMAIN has been designed to operate on a four season basis. The
main input is probabilistic rainfall information over 24 hour periods
within seven depth intervals. The intervals are user defined in
program ZAPPER. Data analysis was performed in this project using
the following intervals: 0.0-0.0:,0.01-0.5, 0.5-1.0, 1.0-1.25, 1.25-1.5

1.56-2.0, 2.0-3.0 and greater than 3.0 inches.

A brief description of individual subroutines follows.
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DCPMAIN 1is the main or controlling routine for the DCPMAIN
program. It controls the logical flow of data through the model, from
entry of input data to the printing of final results. All required data
files are initialized and opened as specified in the input data stream.
Evaluation of the probability of user compliance of unit load limitations
and of the probability of achieving 95% (or larger) message reception
reliability at the local and national levels is done in DCPMAIN following

the concepts presented in Chapter 4.

SUBROUTINE INIT

Subroutine INIT initializes all major arrays and variables re-
quired during program execution. In addition, program default values
are set. Defaulted are units (or channels) numbers for input/output
operations and variable ICON1 which is set equal to the number of
stations in the meteorological records analyzed by program ZAPPER

(see Appendix B). It is presently defaulted at 255.

SUBROUTINE DATAIN

Subroutine DATAIN reads and processes the input data deck for

simulation and echo prints the input stream.
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SUBROUTINE SEARCH

Subroutine SEARCH reads and locates the starting position of data
stored in the user information file (see next section) for a specific

user. Users must be uniquely identified by numbers.

SUBROUTINE ALLOC

Subroutine ALLOC allocates DCP's in a given user to precipitation
stations within the user. The number of stations within a user are as-
sumed uniformly distributed and assigned to precipitation stations in
proportion to Thiessen areas of a station within a user. The pro-
cedure is described in Section 5.1 (Equation 5.1) of the main report.

In addition, a check is performed to ensure that the number of stations
and associated areas have been properly recorded in the user information

file.

SUBROUTINE LOCAL

Subroutine LOCAL performs the bulk of the calculations required
to evaluate local or user design criteria.
The subroutine computes:
a) The mean reporting rate at a station, iij’ as described
by Equation 4.7.
b) The variance of the reporting rate,var[xij],as described

by Equation 4.9.
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c) The covariance between all stations within a user,
Equation 4.10.

d) The mean station reporting rate for a user,ij, as in
Equation 4.6.

e) The variance of the mean station reporting rate, var[i&],
.as in Equation 4.8.

The program assumes that all DCPs assigned by ALLOC to a given
precipitation station have the statistical properties of that station.
Therefore, the code avoids summing over all DCP as in Equations 4.6 and
4.8, and exploits the fact that many of the terms in those equations
are operationally the same.

A1l covariance terms, also those calculated for the national
design (subroutine NATION) correspond to Equation 4.10. Nevertheless,
the program computes them using an equivalent but more efficient
mathematical formulation. Term T in Equation 4.10 remains the same

in the program. Terms 2 through 4 are computed using:

Term 2:
(b1j - Ai]j)P[ra1n in i, and not in i]].
8
¥ v - - a . - °
{ zéz ijP[ra1ns in interval ¢ at 12] Aizj}
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Term 3
(b]j - xizj)P[ra1n in i, and not in i,].
8
{222 ble[rains in interval ¢ at i,] - Xi]j }

m" o fv‘r.YH—'v-v 7 "
- ¢

SUBROUTINE NATION

Subroutine NATION completes calculations at the national level,
utilizing the results obtained from subroutine LOCAL and station co-
variance terms between users computed in Subroutine RCOVAR. Equations
4,14 through 4.16 are used. Final output from subroutine NATION in-

cludes the mean national DCP reporting rate and its variance.
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SUBROUTINE RCOYAR

Subroutine RCOVAR calculates covariance terms between stations in
different users. Its results are used by subroutine NATION. The
algorithm used to compute covariances is identical to that of sub-

routine LOCAL.

A.3 Program Data Requirements

In order to run DCPMAIN, three data base files are required, as well
as an input data deck (in disk file). The contents of each of these

files and file formats will be presented in the sections to follow.

A.3.1 User Information File

The user information file, FIL1, is a random access file generated
by program MAPPER (see Appendix B). Each user is allocated 51 records
for the storage of a user identification number in the first record fol-
lowed by 25 records containing paired data entries composed of a
precipitation station identification number and the percent areal
coverage of that station within the user.

This file begins in record zero and may contain data for up to
1260 individual users. Nevertheless, the analysis is presently
limited to 36 users. The user identification number is stored in
fixed 110 format and, therefore, must be an integer value ending in
column 10. Columns 21 through 30 should contain 0.0.

Following the user identification number record, 25 records are
reserved for storage of precipitation station identification numbersand

fractional areal coverage of that station within a given user. These
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values are stored in fixed format beginning with the precipitation
station identification number, ending in column 10, and the fractional
areal coverage of that station located in columns 21 through 30.
The fractional areal coverage values should contain a decimal point and,
when summed for a given user should equal 1.00. Users with fewer than
25 paired station values must contain records with zero values for
both the station identification number and percent areal coverage up
to the 25th record.
A sample user information file for a 3 user case (with a 6 station limita-

tion) and only 26 records per user is illustrated in Table A.1.

A.3.2 Precipitation Station Probability Files

The precipitation station probability files are random access files
generated by program ZAPPER (Appendix B). Four files should be avail-
able for use containing seasonal information. These files are named
F2S1, F2S2, F2S3, and, F2S4 representing "file 2, season 1" through
“file 2, season 4." Since runs are made on a seasonal basis, only
one of the above files is required for an individual simulation. This
file must correspond to the season of interest.

Each record contains a precipitation station identification
number, a season flag value, the probability of no precipitation for that
station, and, seven probabilities of precipitation within the given
depth intervals (given that it rains). The records are arranged in
sequential order by precipitation station identification number,
beginning with record one and ending with record 255 (or the number of

precipitation stations analyzed by program ZAPPER).
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Data values are stored in fixed format with an integer station
identification number ending in column 10, an integer season flag
value (i.e., 1, 2, 3, or 4) located in column 20, and, the eight
probability values located in co]uﬁns 21 through 100. Probability values
are stored as real values to three significant digits in fields of 10
columns each. As a check, the sum of the seven depth interval proba-
bilities should equal 1.0.

A sample precipitation station probability file for season 1 is

shown in Table A.2, again for a 3 user, six climatological stations case.

A.3.3 Conditional Probability Paired Station File

The conditional probability paired station files are random access
files generated by program ZAPPER. As with the precipitation station
probability files, four files should be available, by season. These
files are called F3S1, F3S2, F3S3 and, F3S4 corresponding to "file 3,
season 1," etc. Here again, only one of the above files is required
for an individual run for the season of interest.

Each record of the conditional probability paired station file

contains two integer station identification numbers followed by an
integer season flag value and each of the following probabilities:
P[no rain in station i], and no rain in station iz]; P[ho rain in station
i], and rain in station 12]; P[ rain in station i], and no rain in
station 12]; P[rain in station i], and rain in station 12].

Data values are stored in fixed format beginning in record

zero. Station identification numbers end in columns
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10 and 20 for stations i] and 12, respectively. The season flag

value (i.e., 1, 2, 3, or 4) is located in column 30 and joint station
probabilities are located in columns 31 through.70. Each probability
value is stored as a real value to three significant figures in fields
of 10 columns each. The paired station values are ordered as shown

in Table A.3, again for a limited example of 3 user, 6 stations.

Probabilities in each record should sum to 1.0.

A.3.4 Data Input Deck

The data input deck for DCPMAIN, file FILP, is a sequential file

read by subroutine DATAIN. Al1 data values are in entered in fixed

format. Each of the data cards required is described below.

Card 1: The first card of the data input deck contains the number of
users for the simulation. The current configuration of the pro-
gram allows for a maximum of 36 users per simulation. This
card is read in 110 format, and, therefore, should be right
justified ending in column 10.

Cards 2 and 3: The next set of cards contains the required input

information for user one, the first of which, card 2,
contains two integer values. The first value is the user
identification number for user one. This must correspond to
a user identification number in the user information file, or
execution will be terminated. The second value on card 2 is
the number of DCP's assigned to user one. This should be

right justified and end in column 20.
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Card 4:

Card 5:

Card 3 contains the eight base reporting rates for user

one (see Chapter 4). These are entered in units of trans-
missions per second beginning with the transmission rate
during dry periods and ending with the maximum transmission
rate for rainfall accumulations greater than 3.0 inches.
A1l values are entered in fields of 10 columns leaving the
first column blank, i.e., 8(1X,E9.7) format. Therefore,
data entries should be right-justified and end in columns
10, 20, 30 ... and, 80.

If multiple users are to be simulated, Cards 2 and 3 are
simply repeated with appropriate values for each user. The
total number of user groups (i.e., Card 2 and Card 3 com-
binations) must, however, correspond to the number of users
specified on Card 1 of the input data deck.

Card 4 contains the season flag value for the simulation

run. This is read in fixed format and must be located in

column 10. Feasible values range from 1 to 4 and correspond
to season 1, season 2, season 3 and season 4 of the precipi-

tation station probability files and conditional probability

paired station files, respectively.

Card 5 of the input stream contains the maximum transmission

duration, in seconds per hour, specifying a unit load per DCP.

Currently, NESS has defined a unit load as five seconds per

hour per DCP. This value is entered in columns 1 through 10

and must contain a decimal point. This is assumed constant

for all users.
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Card 6:

Card 7:

Card 6 contains the number of transmission repetitions for
each DCP. This is an integer value read in 110 format, and,
therefore, must be right-justified ending in column 10.
Generally three repetitions correspond to a desired .95
probability of successful transmission. Five repetitions
correspond to .99 probability of successful transmission.
The final card in the input stream, Card 7, contains the
message transmission duration in seconds. This is a real
value entered in columns 1 through 10 and must contain a
decimal point. Transmission durations are also assumed con-
stant for all DCP's.

A sample input data stream for three users is listed in
Table A.4. For user 100, simulation will be performed for
a total of 15 platforms. Users 200 and 500 contain 10 and
5 platforms each. The season selected is season 1. A

unit load has been defined as 5 transmissions per hour per
user with a transmission duration of 2.0 seconds and 3

repetitions per message.

A.4 Program Output

Results from the program are best illustrated with a small example.

Tables A.1 through A.4 correspond to input data of a hypothetical case

study where the performance of 3 users in a single channel is being

evaluated.

Figure A.2 is a schematic diagram of the 3 users configuration,

with available climatological stations, shown by a triangle and an

approximately uniformly distributed DCP shown by circles.
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The output follows in Table A.5. First the user information input
is echo-printed. It indicates the number of users, their identification
numbers, the number of DCP's per user and the 8 reporting rates of
each user. Also given is the unit loading factor in seconds per hour;
the message repetition rate; and the message duration in seconds.

Results of the local design follow. For each user, the mean
reporting rate per station and the variance of the reporting rate are
given. The mean has units of messages per second. The variance has
the same units squared. The differences in means and variances are
due to different reporting rates, different climatological probabilities
and different number of DCP's.

After all users statistics are given, the program outputs the
mean reporting rate per station for all users in the channel (the
"nation) and the variance of the reporting rate of the nation.

Finally, design criteria is output for all users and the nation.
For example, at the local level, user 200 with 10 stations satisfies
the unit load limitation approximately 29% of the time (violates it

71% of the time). Nevertheless, 95% reliability (since 3 repetitions
are made) is achieved nearly 100% of the time. Also given for each user

is the maximum deterministic reporting rate allowed to be within the

unit load requirement 100% of the time, Equation 4.11; and the rate
that would be required as an absolute maximum to have 95% or more
reliability of message reception 100% of the time, Equation 4.12.

Similar information is given for the national level. In the example
95% reliability of message reception is achieved nearlyjgpy of the time

at the national level.
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A.5 Computer Equipment and Machine-Specific Issues

According to the contract, DCPMAIN was implemented in the NED
Water Control Branch computer facilities. The machine used was a Data
General NOVA3-12 with 64K words of memory and two disk drives. A
large number of instructions appearing in the program are unfortunately
machine-specific. They deal mostly with overlays definitions (required
for execution in such a small machine) and in all input/output related
statements, particularly file handling instructions,

The overlay structure is the following. The main program addresses

the following groups of subroutines:

Subroutine Overlay

Group 1 INIT 1
Group 2 DATAIN 2
Group 3 SEARCH 3
ALLOC 4
LOCAL 5
Group 4 NATION 6
RCOVAR -

A1l overlay files are stored in a machine-readable file DCPMAIN.OL.

Following is a summary, by subroutine, of the main types of machine-

specific statements.
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DCPMAIN
- A1l CALL OVOPN
- A1l CALL ovLOD
- EXTERNAL one, two, three, four, five, six
- A11 CALL OPEN
- A11 CALL FOPEN
- A1l TYPE statements
- An "x" in column 1 signals the compiler to only load these

statements if requested during compilation

- OVERLAY ONE
- Initialization of unit numbers or channels, which will be

different for other machines

SEARCH
- OVERLAY THREE
- The random access file read begins in record zero. This may
be a problem on other machines.
- CALL FSEEK
- TYPE STATEMENTS

DATAIN

- OVERLAY TWO
- TYPE STATEMENTS
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ALLOC
- OVERLAY FOUR
- TYPE STATEMENTS
- CALL FSEEK

LOCAL
- OVERLAY FIVE
- Calls to FSEEK
- TYPE STATEMENTS

NATION
- OVERLAY SIX

RCOVAR

- Calls to FSEEK
- TYPE STATEMENTS

A.6 Changes to DCPMAIN

Future changes to DCPMAIN will probably deal with changing the
number of precipitation stations affecting a user; changing the number
of users; or changing the number of precipitation stations used in
obtaining the probabilistic information. The following sub-sections

summarize the main actions to take if the above changes are desired.
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A.6.1 Changing the Number of Precipitation Stations Affecting a User

General Changes - All Subroutines/DCPMAIN

- Change all variables in COMMON currently dimensioned to 25

to whatever the maximum number of precipitation stations per
user is desired.
- Change all DIMENSIONS STATEMENTS from 25 to whatever is desired. _
- Change all DO LOOPS currently set for 25 repetitions to whatever ’
is desired. ]
-5
Subroutine-Specific Changes ;1
SUBROUTINE SEARCH
Change statement:
.
IREC = IREC + 51 to
IREC = IREC + I |
where I is the maximum total number of records per user in the -‘
User Information File, FIL1, including the user identification rusber. 7?
g
SUBROUTINE ALLOC b
Change statement: '.j
IRECE = IRECS + 24 to .
IRECE + IRECS + J T
where J is the maximum number of precipitation stations per
user minus 1. .
©
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| A.6.2 Changing Number of Users
General Changes - All Subroutines/DCPMAIN :
- Change all variables in COMMON currently dimensioned to 36 to 3
whatever maximum number of users is desired. .E
- Change all DO LOOPS currently set for 36 repetitions to whatever =
maximum number of users is desired. These occur mostly in Sub-
routine INIT.
—d
3
:
A.6.3 Changing Number of Precipitation Stations Used in Probabilistic 1
1
Analysis 3
In order to change the number of precipitation stations in the ;
analysis (i.e., stored in files FILY, F2S1,2,3,4, F351,2,3,4) variable 3
ICON1 in Subroutine INIT must be reset to exactly the number of stations p
analyzed by program ZAPPER. |
]
.
'-1
F
r...
-
o
4 _1
4 : 11
p :
4 |
t. 1
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A.7 The Mechanics of Using DCPMAIN in the NED Data General Comouter

A1l subroutines are currently stored is separate files. Therefore,

after editing an individual subroutine it must be recompiled by typing:

FORT subroutine file name

The subroutine file names are:

File Subroutine
DCPMAIN Main Program
DINIT INIT ’
DATAIN DATAIN
SEARCH SEARCH
ALLOC ALLOC ’ 1
LOCAL LOCAL
NATION NATION
RCOVAR RCOVAR . ';
=
Due to the overlay structure, the entire program must be reloaded.
This is done by typing: ! ;
DCPLOAD Z
v 1
-
or 5
i
RLDR DCPMAIN[DINIT,DATAIN,SEARCH ALLOC LOCAL,NATION RCOVAR] o ;
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To execute, type:

DCPMAIN

Output from DCPMAIN is stored on disk in file FIL5. To print

results on your terminal, enter the following:

TYPE FILS

When working on the Tektronix, printout may be routed to the

Line Printer as follows:

PRINT FIL5

Make sure to position page before hitting return.
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APPENDIX B
Preprocessing Program

Documentation

B.1 Introduction

This Appendix contains program listings and information on use of a
series of programs designed to provide the necessary input data file,
for application of DCPMAIN, as described in Appendix A. Ffour separate
programs were developed as follows:

1. CAPPER - designed to take as input the Corps of Engineers
district boundaries and generate a digitized map of the
conterminous United States C of E districts;

2. MAPPER - using output map and raingage station location data,
evaluates Thiessen areas of influence for all gauging stations
and all districts of interest producing FIL1, the user
information file;

3. ZAPPER - developed to process the National Weather Service
Techniques Development Laboratory data set of 6-hour
rainfall amounts for 255 gauging stations, and generate
statistics on numbers on rainfall events by depth interval and

number ot events of joint occurrence of rainfall between pairs

of stations;
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4, TAPPER - takes number of events files generated and converts

to probabilities of occurrence, the so-called files F2S1, F2S2,

F2s3, F254, F3S1, F3S2, F3S3, and F354 files required for
use by DCPMAIN.

These preprocessing programs are documented in the sections that
follow, but the purpose is not to provide a comprehensive users manual.
The programs were designed to analyze and generate all of the key
statistics required by DCPMAIN regardless of the manner in which the C
of E districts were to be assigned to channels for random reporting.
The data needed for considering of the existing 36 C of E district users
for the conterminous United States were generated in the course of
executing these preprocessing modules. Thus, these programs were
designed to be executed only once -- and need not concern the user of
DCPMAIN, only the output files from these models which have been
supplied with DCPMAIN, are required. However, should a change be
required in the basic input used in preprocessing, namely, the existing
36 Corps districts and the use of the 255 station NWSTDC Data set, then

the preprocessing modules would have to be rerun.
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.2 Program CAPPER

Program CAPPER written in standard Fortran ]IV was implemented and
executed on the NED Data General NOVA 3-12 discussed in Section A.5.
The program listing is included at the end of this section, followed by
file BOUNDARY, the input file for CAPPLR.

As currently configured, the program is designed to construct a
digitized map for which each grid point is associated to a separate
district. The key controlling parameters initialized in the program
are:

NLAT - the number of grid points into which the y-axis of the map

is discretized (rows);

NLON - the number of grid pcints into which the x-axis is

discretized (columns);
NDIS - the maximum riumber o7 distinct districts.
As executed, the map grid was intended to represent the continental
United Stetes C of E districts, totaling NDIS = 36. The base map used
to develop the digitized representation was the December 1897¢ bLivisicn
ana Uistrict Boundaries fovr Civil Werks Activities, where the map grid
wes divided nte NLAT = 136 by NLON = ¢z4 points. At this level of
discretization each grid point was roughly ¢C4 square wiles.

The reason the digiiized map was not input directly was that the
amount of input information required, namely the district number

associated to each of the 30464 points in the ¢rid, was tol nessive.
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Instead it was recognized that all that was required to construct the
map was data on the points at which district numbers changed, and the
nature of the change, in each imaginary grid row through the map. Using
an overlay, this information was developed and input into file BOUNDARY.
Each record in the file contains:

a) the number of the row of interest (1 to NLAT);

b) the number of the district to which the map changes, in the

row of interest, at and beyond the boundary location; and

c) the column location of the first point of the associated

district (1 to NLON).
The program assumes that district 36 is assigned to all locations on the
map outside of a C of E district (i.e., in oceans, foreign territories),
and that aistrict 99 is a flag used to indicate a transition to the next
Fap row.

The program logic is sinple. 1t loops over the ruws of the méap,
reacding from vile BOUNDARY, and constructs the pcints in each rcw based
on the input boundary information. As a final check, the map,
transposed fror the input urientation, is printed c¢n the line printer.
This was used to verivy the input boundary intormation, as over [b%5C
records were requirea in che BOUNDARY tile. The digitized map outpui is
shown das Figure 6.2, This cutput information was written to @ random
access file iAP used by progran; iMAPPEk, described below, tu conmpute

Thiessen areas.
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8.3 Program MAPPER

Program MAPPER, written in standard Fortran IV was also implemented
and executed in the NED Data General Nova 3-12. The program listing is
included at the end of this section, followed by file COORD, which along
with MAP, was the input for MAPPER. Also included is file AREAS,
containing the output from program MAPPER.

As developed, the program is designed to use the digitized map
representation of districts, and coordinate locations of rain gauge
stations of interest, to compute the Thiessen areas of influence of the
stations on each of the C of E districts. The other key controlling
parameter, in addition to NLAT, NLON, and NDIS defined to characterize
the digitized map, is:

NSTA - the number of precipitation measuring stations. As
executed, the number of stations was set as NSTA = 255, representing the
stations in the NWS TDL data set.

In addition to the MAP file generated by CAPPER, the other
requisite input was the coordinates of the 255 rain gauge stations.
Using the same overlay and base map used to define the digitized map,
the coordinates of the rain gauges were defined using the 136 by 224
grid system. Each record of the COORD file contains:

a) Station Number (1 to NSTA);

b) The column number (longitude) of the station (ILON); and

c) The row number (latitude) of the station (ILAT).
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Stations in the 255 location set which were out of the conterminous
United States (i.e., those in Alaska, Hawaii, and Puerto Rico) and
station numbers 75, 201, and 218 (for which the NWSTDL data was
insufficient), were assigned coordinate locations ILAT = 136, ICON = O,
corresponding to a point in the extreme lower left corner of the map.
This assignment insured that data from these station would not have any
influence on the 36 C of E districts.

The program logic is relatively straightforward. For each of the
30,464 grid points in the map, the closest of the 255 precipitation
stations was determined. This determination was made based on the known
coordinates of the grid point and precipitation station. Also known
from the MAP file was the district with which the map grid point was
associated. Using this information, a file of numbers of grid points,
by district, closest to each of the 255 rainfall stations is
constructed. These data are then normalized by the total number of grid
points (area) in each district. The resulting non-zero Thiessen areas
of influence, and associated rainfall station numbers, were output into
file AREAS. This file was constructed so that the first record contains
the C of E district number, the next records contain non-zero station
numbers and associated Thiessen areas, and all of the remaining records
until record 51, contain zeros. File AREAS, shown at the end of this
section, with minor editing for consistency, is the file FIL1 required

by DCPMAIN.
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5.4 Program ZAPPER

Program ZAPPER written in standard Fortran 77 was implemented and
executed on the NED Harris facilities. This computer system is
supported by the Automatic Data Processing (ADP) Center at the New
England Division Headquarters, and by 21 other C of E groups. The
program listing is included at the end of this section, followed by a
sample of the input file DATAIN, and sample output files ZAPPERF1 and
ZAPPERF 5.

Program ZAPPLR is designed to process the NWSTDL rainfall data set
to evaluate the number of events by class of depth interval, and the
number of joint occurrences of rainfall or no rainfall between different
stations, for all stations in the data set. The basic program logic is
to obtain a day's rainfall data, evaluate the depth class interval for
each station of interest to which the event is associated, evaluate the
joint occurrence class of interest, up-date the event's counter, and
record then on a seasonal basis. The key controlling parameters

utilized in the program include:

NSTA = the number of rainfall data stations in the data set;
NSEAS = The number of seasons of interest; and
NDTS = the number of depth class intervals.

For the current analysis, data was available for NSTA = 255 stations,
and this was evaluated for NSEAS = 4 seasons into NOTS = 8 depth class
intervals.

By way of brief explanation, this program was originally configured

for execution on the C of E Data General System. Because a large
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number of data points (255 stations by 8 depth classes and 255 by 255
stations for 4 joint daily occurrence classes -- all for 4 seasons) were
to be accounted, and because the Data General System is only a 64K
machine, the program originally kept a small subset of the number of
events accumulators in core. Thus, in order to execute the program,
frequent reads from and writes to disc were required. This might have
been acceptable were a small data set to be analyzed. However, the 9
years of 6-hourly data for 255 stations meant an analysis of 3287 days
of record, or nearly 1.2 million data points. Experimental runs
indicated that hundreds of days of execution time would have been
required on the Data General. Accordingly, the program was moved to the
faster and larger Harris System, and successfully executed on this
system in 4.25 hours of CPU time.

The program requires as input a file called DATAIN which was
constructed to contain raintall records on a 6-hourly basis for each of
255 stations. The first record of each group in the file contains the
rainfall data line, namely:

a) year;

b) month;

¢) day; and

d) hour
of the event of interest. This is followed by rainfall date for each or
the 255 stations of interest, written into 2¢ records. The file was

accessed sequentially for the 9 years of records.
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Arter initializing the key parameters, numbers of events
accumulators, and opening the input and output files, the program loops
over the days of input data record. The 6-hour data is accumulated into
24-hour data, the event of interest. Then for each station, the depth

interval of interest, namely;

1. 0.00 - 0.01 inches ("no" rain)
2. 0.01 - 0.50 inches
3. 0.50 - 1.00 inches
4, 1.00 - 1.25 inches

o
.
—

.¢5 - 1.50 inches
1.50 - 2.00 inches

7. 2.00 - 3.00 inches

8. 3.00+ inches
is determined. The number of events by interval is maintained for each
station, on a seasonal basis. These data are recorded in the ZAPPERF1,
ZAPPER F2, ZAPPERF3, and ZAPPERF4 ftor the four seasons, respectively,
Seasons are defined as follows:

1

1}

December, January, February

¢ = March, April, May
3 = June, July, August
4 = September, October, RKovember

Then for each station i, the numbers of events in each of four classes

of joint occurrence with other stations j, are determined, nanely:

Y IO S

Py

Al

1
PIP ISP §
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1. no rainfall at station i and no rainfall at station j;
no rainfall at station i and rainfall at station j;

rainfall at station i and no rainfall at station j; and

H W N

rainfall at station i and rainfall at station j.
This provides the information needed to evaluate the joint probability
of occurrence of events between stations. Because of the symmetry
involved, if the numbers of events, in the same class, between some pair
of stations i and j are known, it is not necessary to evaluate the
events for stations j and i, the same pair of stations in reverse order.
Information on the joint occurrence of events is stored in files
ZAPPERFS, ZAPPERF6, ZAPPERF7, and ZAPPERF8 for the four seasons 1, ¢, 3,
and 4, respectively. As the program steps over time, only the current
season of events accumulations is kept in core.

The output station files ZAPPERF1 to ZAPPERF4 contain in each
record the following data:

1. station number (1 to ¢55)

2. seasoun number (1 to &)

5. number 6f events for each of the depth interval classes.
There are 255 records in each of the four files. A sample from file
ZAPPERF1 is shown at the end of this section.

The output cross station files ZAPPERFS to ZAPPERFB contain in each
record the tollowing:

1. first station number ([ = i Lo ¢55)

r

second station number (J = | + 1 to 255

239

L. .. .




— Vi6N 4= 00— ——
J
- e}
0=11NI
00CYE=UNIT
I=19V18I

—_——— — 3
.-

ZaBdeteldetaPde e Sdetabdetaldafalde VA /HIIX VIYA
FO00°E400°E405° 14581400 146°0410°0/3NV3d8d viva
A A0 A1 A2 0 1L Y AFAFAR &N VAL k1S a1

3

0=40151

O=8AFF—— - -—
T-SL4N=1SLJ4N
8=614N
¥=SV3ISN
SGC=XV 1SN
S5L=VISN

- Q= iNIF————- -
e HIJIVIHUAHCEEL o s X dHANA
MiLd 1IvI

3
SLIWITI NV SLNVLISNOJ NNY 40 NOXLIYZIIMILINI 3
J

—— R LANNA A6 YK ) 8- B EINAVHI —— ———
(8IHIXX CEHILIVNVHI

i

(£)NYIYM ¢ (ZTIBYIST NOISNIWIT Q
(SSZIX4d4 (S5Z) 1444 (P4QLZACETIHIXS (B4 SETIREX /T AHMINE/NOHWDD N
: - IHILT 92¥I0IINI
WX $HSX ¥IYILNI
_ — —— ————— e i ———
KERERERRRRERRRR KRR KRR R R R KR RRR KRR KRR A KRR RS KRR N KRR R R R SRR KRR RRAED
N e - . - . e }
1194 - SNOXLY13¥N0D 84 81 3
- R ¥IWHNSG - SNOTLYVI3¥N03 L4 2% 3
ONIN4S - SNOYLYTINN0D 94 91 3
- ¥IINEA— ENOFLYIIHH0I- -~ -84 —- Sh- - - — B
1194 - SINLITBVHONd TIVANIVY v vy a
- MIWMAE - SINLTIIAYHOND VIVINLIYY £4 £1 3
ONINAS - SINLTIIUYAUNS TIVINIVY ¢4 ey 3
e YALNIA - SITLITEMVHONd 1 TVINIOY ¥4 3 2
2
- - e — §31E4- L0410 -— 33—
3
o 304 GLWE JIVANTYY LGN NIV1VY &% 2
a
S3114 LAdNI a
3
e . BB6T AL 4--A0 NOIS¥IA-—— -] ---
3
S : R . 2861 fAMNN 3
¥I0I440 193r0¥d ‘AII3NING NI 3
SHIINIOND 10 S4Y0D AWMY SNOISIANU UNYIONI MIN Y04 dIWVJINd 3
SYMH 1IVvN UNY NYNSSONS UTYNOU A¥ Q3¥V43Nd 3
— ~ --3714 Y1Vd NOILVIIJEDINA SSHD0NJ UL WUNQOUJ —— . 3
a
¥3I4IYZ HYNOONd 3
a
TV 3dal
Py ®

P URRI SR Y a

. [
R Ammaaar o —lalafl




W
V («3714 O¥3IZ 40 J11¥A L1SVd .) LUKYO0I
g

- T (F0064L)ILINN (0°10°ONII) dI

R S . (PETsT1ECIEr4IMUX) N4 4] (DANEIIYACO00LSCHIEIALI YA
(I-CHI4E/C(I-YLSNKECIB (Y -T1)=03N]

T+1=11
. .- e —— - - - ViSN¢Y=1 O¥ 04

- s P - - 05 01 09 (O°IN°LINI) 41

o lIANNE =SS IDIVRNIIL $=37 10 44 ZHIT =L INNINIS0

(PIQé,=, 481 ¢s 7114 NOJ INIWILVIS NIJO LY o) LYWUO4
e e e - o - - WNITLAECHIX (K0064£)ILINA (0O°19°ONF]) dI

e . A4¥Y=CHII

B e e . AINNIANOD

(Z0046¢E) JLIYM (0°19°9nNgI) JI

(RS L - (SLSNAISTIACIAIIMSEX) ENSY (1=238¢T001¢THII )AL NN
VIGNST=] 0f Od

T W

¥006

J
oy

U - MISNAYYS(- 0800 - - —

3

2

A0Lax 313N (131 IYMMO A =¥0S. .. Y

3
£006

— e ——— (3004 OM3IZ_ 30 31148 JS¥d o) IVWN04 2006

3
J

_ L I (OX=ZHILIHDIXLLXE AINd=WNILL S
SE 01 09 (0°3IN‘LINI)Y JdI

(00(=1234%, 031 1YHH0 S, =HNO 4 '
. o o 4.103N)U.=5S300¥WNI 423 113° THAI =1 INMI N3O

(QIMe a6 ) 4, 3414 MO |
WNITLI4THIT (V0064E)3113M (0°L9°9NY)) dI

(O¥-YHITIHIEX/ /XY 4T A=HNI 11 3

OU#N=THIIL

2

018 ) LMHI0L 3006 ——

a

3

o |

SYIAYN‘TI=N 05 0g
SAVYNY ¥OJ SIT1I4 HSIIHYLISI

(o03L371JH0I SAVNIY NOILYLIS SS0MD 40 NOLLVZI'IWILIND ) LUWN04

- 0°0=(CTr X INUX
vé1=t S O

. VISN‘I=1" S& 00U
VISN‘T=1 S& 04

GUALATIIR0D AVNEY NODLYVLS 40 NOLLVZIWILIND ) 1VR304
- (A464H£)FLTUN (0°19°904L) 4]

Q' Q=(1 4 X)INSX
S14N¢T=1" 01 04

2
J
3
0006

(O00AEIILINS Q249 ONHXY 4T

J
114

SV W

6648

J
ot

®e ¢ 6 0 0 0 0 O O VU

® ¢ ¢ ¢ ¢ © © © © © 0




P Y v LI o G S S £ - A T L4 hdnd A ~ g YTy v i} ..V e T et v N - 3
| - - - a [ » ‘.. e » . » »
o o ) ‘ o ‘ ¢
_ VTS T T T s e e 0
e e e e e oo -847H 4 NOTLMLSINANNOD FLINN-04--IH I — — F-— -
_ 2
| e § 09 0L 08 (1YVLISL*0d*AVIY) 41 o
2
q v . —— e e S9 UL 09 (0'UI*SULEE *UNY LUVAST *IN*AWIL NV (OHI)ISYISL 03 N) 41 ° 4
. 3
e NAN--40- 4016 NO--LNYLS NV NOSVIE RIN- NO4-463L - - -0 — -
i e
: U - ANNIINOD 866
ﬁ V=J0LST  L66
e —- - ———— 2 P )
NNY JLYNIW¥3L 01 9V')d 2
- - — — e ——— e ———— e e e e J . -
‘ 864 01 09
. B . - 3 o
3704 40 UN3 04 1S3L ONV UININDIY SY S37114 dvi¥ 01 3403 a
. S e 5
2 o
e e s e dmm e —XE'940T 4, = AW 40 GYEN ¥HLAY o) LVHYNOS 406
(VLSNSY=X4(E)1dd) (YT064£IILINM (019 SNHY) 4l o
S e - a
(I)XddH (1) Ldd=(1)1dd LS !
e - VISNT=1 LS Od m
2 D
—— e S _ - — e - - C(E°94ZT)I/ZLV) LVHIVS - GOOT -
(XYLENST=Y 4 (D)XdA) *HHI WL COMT ‘HAT (L66=UNF4S00Y4STIIYIY g
. [ 2 o~
(TI4s = JILSINIL +*GI%. = AVU J0 UVIY UL ¥OINJ .) LYWN03 0106 _
- e - S COAVEY (OTO64E)FLTINA (T L9°0NGI1) 4IT o
3 i
-- e e S e Poimi—4G O ————-
3 .o
- e e = - SINNUKY NOILVLII4ID3N¥d 30 NOILVHIHNDIY ]
]
- - - 010=(1)1dd 93 O
YIGN¢Y=] S5 0d
—_— e - - —— - - —— e .- l.llylwlll
SINNORY NOTLIYIIJIJINS 40 NOXLYZIIWILINI a O
U . R - - - . a3
ANJI4LYYLSI=AVUY 002 04 |
- —_— - . ——— ———— — . . -—_— U
T T 2 o _,
e —————— - —— —_—————— e - e ——— - . e m———— - 3= t L
343H S INIO4 NIV JOOT1 NIVMW a ~
. 3 o) ! .
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll U A
- — - 3
o UILIYNNOS. =NYO0 4 1 o : |
- =88 IIML N IAVE AVUNUAHE LS L=H AT JL0Z=LINAINSIO —————
CoU311YHYO S =HYO 3 %
lllll _ CIWIININOIS =583V, NIVIVINIANZEEZL.=31X4°6T=1INNINIdO o
3
S ANNY LNOD ce
2 o
—— - —_ — -= FULAAHINT N340 ———3- —
k]
O - - (OTIv*OVIL)LIUNAOS  Z0OT o
: (OVIN*OVITIIVNYOL 1001
- — S . ]
NN LNOD 0s J
~ - B s bt T I PO P I S % " P S r——
l § " -




e s s o oaa aaanas st anteies anamess  oondmmne Semgels s oaadiaiie ke Jamensns SnitieSMdaiie ke, A A o

VISN4Y1=(" 00} 04

A3INISHL 41 JYIH SINIHOK F10NdW0I 0L IJOD LHISNID

OO

O TH(SLIN*LINSX=(SLINIINSX
O Y+ CTLINSX=CTTADINEX CCTOINVIAY L7 (1) Ldd) 3 [
[SLdN¢‘T=1 0L O4Q

051 UL 09 (866°66°19°(1)1dd) Il

e e e e e oL . - - Ael=sTI _—

O O 0 @ o 0 ©

VISN4T=I 0S5) Od

e)

a

SNOLLYLS JHL ¥3A0 400°T NIVH J
- |

J

(+SNOLILYLS YIA0 40071 JO ONINNIOIY IN0A3d ) LVHIGd V106
(PTO4EIILTUM (0 19°90M4]) 4l

© ©0o ©

INONILNOD

1]
(S0 NS

(PST="14 CTHCATIHUX) SHAIN WO $HNU T |4
(C00T<E£)3LIY¥N (X°19°91Md)) dI c9
CPOE=T14 T4 S TYREX) SR AHNUC SHMEY (D3 =J3Y4CO00T ¢CHIL ) UVIY
(I-C)4T/CL-VISNEZIR(1-1)=03¥]
VISNSYL=( Z9 04
- — ——— Ca— - - m— - THI=01 .. .

o 243

TYLsNeI=1 29 00

C

]
(C14, = 3113 40 UV3IY 01 YOINMI .) 1UWYOL £106
- CHIY (E£3064£)3114¥MA (0°19°9N41) 41
3 -’
e ~ - CSLINLYSTUIS (IS DINSX) SHNUNSHAUY (X=J34*TOO0V 4THIL)IQVIY .- I®

VISN‘Y=1 19 04 '
e (4

(CI4, = 37113 40 gv3I¥ 01 NOINMJ ) LYWI0L V06

THIX (ST0464E£XAL1uM (0°L9°9NY1) dI

2

. o ——— - - VI+NaEHIL -

— e e e e e e - U € D § ¥ § SU .

OT+N=1HII
(ORY)SVISI=N 0

SFU1LJd NOILVLIS MIN JV3IY 01 J¥IH

e ..——b66 01 09 _(1'03:JOLSTL_ AT

(rsT="15 CHETIMUX) N6 4T (DINI=DIH4Z00L*ZHIN)IFLIUN é
(POT="14 I DIRUEX) SN 4T (ZOOVEEIILIUN (V19 9NYY) JI
(E-F)4&/7C(1-9ISNESIE (Y- =03Y]
YLSN Y I=( 65 OU

VISNY=1 &S 04
J
(SLANSAI=T1S CIALIINSX) ENY (X=0384V00T S YHIL Y JLTAN as
YLISNSY=] 8S 0d .
J

FYRSRCE) i)




—y hak s assans iR S ‘ 4 1
—r v —————y W T T YTy 7 T Ty - . } \ | .
o _Ii,i. - lem - - - . - - - [ - A
w V
R — - i
o ]
— I * |
N _ o . o _ (o 1 !
, ¥
e . o ) <3 (o I
+e103 ~
o Tt T I an3 3 0 . I
e SRR ERSE BB REBRRRNR AR R AR E RN SRR RE AL RS RS SN B R AR RR SR AN R B AN SRR RR SRS — O — ! 4
)
R e 2 o]
2 C
Ce e — - B JANTLNOD 666 - ,
; fe] 9 4
S —— o — 3 — A
INNILNOD 002 |
w ——— e s e ) ‘ ,
. a2
| S o3 |
. L66 0L 08 (MNII DI AVIE) 43X ,
- d\i 4
5 |
. S e — e mm e —— - ——m————— o o i i e 1m0 e e s s e o) o i
b o] ,
! : B NON - HIUNIMYIL 01 HONYMH ¥0 INIOd NIV 4007 GL N¥AL3Y 2 g
i 3 .
! S - —— g
3 J
, - S — e - S (0T 4y =—AWIL-NdD GHEAYIE LY 421 ¢, AWE Q31371400 ) LUNNDd  900T -
IHILTCAVTT (YOOT40&) ILINM
i - e _— e CAHILIIZINILE TIV2
v 5 e} (N
- AT~ UNF-ONTAONGD T 6 HSHNFSd—INET NO-FOVSGIN L FiN———-
2 )
. S S , ' INNIINDD 063 &)
2
. — — e e - - - INNILNOD 00
. 3 Q
- - — e (OFIPIEOIAZCOVIS) LVHNO S -FEO6—— :
_ COsT=14 IR s DINIX) #(F) LA (1) A1 (TEOS4EIILIMA (T *19°904 1) 4L 66 R)
» _ e e [ _ . n . N u
THCVEr s [INAX=C¥ e ¢ L )NIX cg
S —— 66 01 06
‘ THCECr N INAX=CE S ¢ LINTX o
o _— - - 58 01-00 (V000040 (M) 1dd) H-——— 08 —- ;
66 0L 09
e — . - TH(CICCDIHEX= (246 ¢ DINGX Y Qo
66 01 09 ‘
o _ : THCTOr 4 DIMEX=CE (¢ Y HIX :
SZ 01 09 (160°0°19° (') 1dd) 41 o t
— —_ e —— - .08 0L 09 (100°0° 494 1) 1ddd L = - e ‘
)
¥ e ——— 001 UL UY (B&6°64°18° () 1dd) 4] o
2
i} . S . (£'0Y4C10VIS)IUNYNOT 0506 ~
. (FYL446 (1) L4440 41 (OL064SIFLINA (V*18°80dY) 41 Q
. w - - et IR
.. - | _J s ) A T




A Seniontmndnl el ankauh SENNE s ol ok aul il ik e Lol

-

S —--00010--00020-00020-00020-00020-000:20-000'0 0000-00020 V0020666660000 85—

— e v F

{
|
000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 (& ) _
I ‘ Ll ¥00¢0 090°0 000°0 0£0:0 000°0 000'0 0Z0*0 0000 0£0'0 000°0 000°0 000°0 9§ \
000°0 000°0 000°0 000°0 000'0 0000 000°0 000°0 000°0 000°0 000°0 000°0 56
e 00040 000°0 000°0 000°0 000°0 000°6 000°C GO0*0 000°0 6466°66000°0 0000 ¥§
000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 0000 000°0 000°0 000°0 £S 0
—— e e 00010001 0-000£9- 00010000 *0- 00010 ¥00L0 000°0 0000 000t 000°9 0000 — ZE— -- |
000°0 000°0 000°0 000°0 000°0 000°0 0V0*0 000°0 000°0 000°0 000°0 000°0 1§ ]
L 000°0 000°0 000°0 000°0 000°0 0000 000°0 000°0 0V0°0 000°0 000'0 000°0 0S o I
OVZ*0 OZE'0 000°0 000°0 0BT'0 000°0 KOO'O 000°0 000°0 000°0 000°0 000°0 & i
e 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 VOV'O 000°0 8 ‘
8YI OV2L 9 |
I e <. .. 000f0 000G 000°0 9¥-- 4
000°0 000°0 ¥00°0 000°0 000°0 ¥0O*0 0000 000°0 0V0°0 000°0 090°0 000°0 &b
. - 000°0 000°0 000°0 000'0 00V*0 000°0 000°0 000°0 GV0°0 000°0 000°0 000°'0 b 9
000°0 666°646000°0 000°0 000°0 000°0 0V0'0 000°0 000°0 000°0 000'0 000°0 £F
o I $00°0 0£0°0 000°0 000°0 000*G OZ0°0 Y000 000°0 ¥00°0 0I0*0 GOV'O0 GVO'0 &b
0£0°0 000°0 000°0 864°'44000°0 Y000 000°0 000°0 000°0 000°0 000°0 000°0 T¥ J
N e 000 0- 000 0—$000-000L0- 0000 0000 -000°0 000°0-000°0 000°0 00020 000°0-- 0%
¥00'0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 060°0 &f
000°0 000°0 000°0 664°66000°0 000°0 000°0 0V0°0 000°0 0VO°0 000°0 GO0G*0 8f J
000°0 000°0 000°0 000°0 0000 000°0 ¥00'0 000°0 000°0 000°0 000°0 000°0 (f
000°0 000°0 000°0 000°0 000°0 000°0 000°'0 000°0 000°0 000°0 OVO'0 000°0 9§
000°0 OVE'Q 000°0 000°0 000°0 OVO*0 000’0 000°'0 0000 000°0 646°66000°0 SF J
__.000°0 0000 00020- 000°0 -000°0 000°0 ¥00°0-0K0'0 000°0 0S0°0 ¥00'0 000°0 &E -
000°0 G100 000°0 0Z0°*0 0V0°0 0VO*G 0V0O'0 000°0 000°0 000°0 000°0 000°0 ££ .4
000°0 000°0 0000 000°0 000°C VOV*0 000°0 000°0 000°0 0VO'0 000°0 000°0 Zf <
000°0 000°0 000°0 000°0 000°0 000°0 0V0'0 000°0 000°0 664°66000°0 000°0 ff
00070 00020 00010 000°0 0000 000'0 000°0 000°0 000°0 000°0 000:0 000°0 Of
000°0 000°0 000°0 000°0 000°0 0000 0000 000°0 000°0 000°C 000°0 000°0 6 D _,
— e 000100001 0-000-10 00019 —000-10—00320-000 £ 0 000 ° 0-000 10 000 ° 0 00010000 LO-—-@F— _
000°0 000°0 000°C 000°0 000°0 000’0 000°0 000°0 000°0 CO00°0 000°0 000°0 £ ;
S e 0000 000°0 000°0 000:0 0Z0°0-000°0 0000 000°0 000°0 000°0 000°0 000°0 9 J _
000°0 000°0 000°0 000°0 000°0 000°0 000*0 000°0 000°0 000°0 000°0 000'0 §Z !
. . . I - A Z11 0t2L ¥ A
000°0 664°65000°0 £2 V |
- 5097 0—00010-00619—000L0 000100600 000100000 00010 00020 $00'0- 000LO— L& — _
000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 IZ :
T S . 10000 666°66000:0 000°0 0Z¥0-000°0 000°0 000°0 000°0 000°0 000°0 000°0 OZ S ,
$00°0 0£0°0 ¥00'0 ¥00°0 000°0 ¥00°0 0000 ¥OO'O 0K0*0 O¥0*0 VOO'0O 000°0 & i
e ¥00'0 ¥OO'0 000'0 664°46000'0 000°0 000°0 000°0 000°0 000°0 000°0 000'0 8F §
000°0 000°0 ¥00°0 000°0 0Q0°0 000°0 000°0 000°C 000°0 000°0 000°0 000°0 /T v
S 50620 00010--000 L0 0001 000290000 000!9-000t0 000°0 000°0-00010- 00010 9§ -— \
000°0 000°0 000°0 846°64000°0 G000 000°0 000°0 000°0 000°0 000°0 0V0°0 &F . '
. - 000°0 000:0 000'0 00040 000°0 000'0 000°'0 000°0 000°0 000°0 000°0 000'0 ¥ v
000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°'0 000°0 f£F !
- — ; 000°0 0ZE£'0 0000 000°0 000°0 0000 000°0 000°0 000°0 000°0 665°46000°0 Z1 ,
000°0 000°0 000°0 000°0 ¥00'0 V00*Y ¥00°'0 000*0 000°0 000°0 ¥00*0 000°0 T 9 .
- 00010 £00-0- 0001000010 00010 000-20-000-20 00020 000°0-00020 40020 00026 03— — A
000°0 000°0 000°0 000'0 000°'0 ¥OO0'0 000°'0 000°0 000°0 000°0 000'0 000'0 &
- _ — 000¢0 000°0 0000 0000 OFL'0 OSE'0 000'O 000°0 000°0 464°66000°0 000'0 8 v ‘
000°0 000°0 000°0 000°0 000°0 000°C¢ 000°0 000°0 QUV‘0 000°0 VVV'0 000°0 £
e . 000°0 000°0 0UO*0 000°0 000°0 VOO0 000’0 000°0 0J0'0 000°C 000°0 000°Q ¢ .
000°0 000°0 000°0 000°0 COL*0 0GO'O ¥00'0 000'0 V0G0 06L*0 000°0 000°0 © )
e 66624660002 0-00020 0000 _000*0_000 *9_000°0._ 00050 00020 _00020 000°'Q. 0000 & _. i
000°0 000°0 000°0 0V0°0 CVO'0 000°0 000°0 000°0 YOO'O 000°0 000°0 000°0 £ :
S 000°0 000°0 000'0 O00'O 000V VOV'L 0VO'O OVO0'D QOV'O V0O'0 000D 000°0 Z o)
9 1 012 ¥
. NIVIVT 1SIT <=s=
NIVIVD 1SI7 J :
]
1
. ° ° . ® )

Al




- o e ——— e T m—— ——— — . Y M T |
.l.i.l 4'. - a = N A X ' 8 » . » . ®
e . o ) o
(o]
B3R G OB Ll bl Gk —— NEh— —WEG— 4 @G
. z18 808 908 96¢ 88¢ 8cL Y vES 1 s
¢ . Zie. . 408, 508  bél L8¢ Yy b2l 626 ' 9 - 0
018 0i8 808 zos 862 eyl Py e 1 b
e ZI8. . ZI8 - 408 .. -£O8 . 008 S6¢ S5 - beS ' s -
c Z18 Zie z08 96 6L 18s Py Zvs i £ o
. e Z38 kBB — 08— OO — — F bk B $Bhe——e PO —— G
4 118 Tie 608 108 6L 8L Lyt £9s v 1S
Vo L 118 otg 058 S08 £08 z6e 0 vos ' o - @
Z18 Z18 118 608 £08 £08 oy vor v e
e i . »08 vos L6l el ves vee vee 126 1 e :
118 608 <08 864 88 1ee 9zL 2 1 e o
S N T T 608 —— — 38— £bl—EBl———PEl——— EHE— ——} —e
Z18 z18 z18 118 L08 vos ™ 89¢ ¥ v
o — e Tig L08 864 £8¢ cLe 99¢L iy Y 0 ve o
Z1g zis Z18 zo8 96¢ 98¢ Y 8ls Y £o
e : . zie 0i8 80¢ vo8 L6l vee vee s 1 v
' z18 Zi8 e 018 £08 26l 85¢ £S¢ ¥ Iy o
608 408 ————608——— £0B— — P08 — — Bl Ll — — -BEE——— h—— —— QO
118 Y18 018 908 L6L Yol £he 9zs ' P o
C N ———  — __ o8 018 208 zos 96¢L Y e os ' et .
Z18 ) z19 808 908 yy; voo s x 5
) ) ) vEY 2y 619 zés oer i o€ .
C 118 e e 118 oty 208 L9¢ 862 ' st D
P2 P2 S £ DT D Y SS9 S -t S S v S
o z18 V18 vie 018 508 Y 1y gvs i ££ ©
L Tre e 508 zo8 oy 8¢ Ty} zvs ' ze s
e T8 T8 408 608 vo8 26l 065 ' ic
c U 7 1 zie 1) 118 708 908 z6L vés I of 0
18 Tig ote 508 608 908 ceL vés v &z
e 288 808 — £ bl QBE—— L L SO $BL— — EWG— —F—— ——QF—
T8 ots 608 908 £08 86¢ LiL 85 1 e
¢ - L .. ®EB .- ¥EE . LZE& - -#ZE-. - LIC vIS - ver 6LE 3 vz - -9
T1g 408 <08 208 85 z6e 69¢L cag 1 sz
.. e . _¥18 . _ O%8. @08 £08 - %08. 008 e 619 i ve -
¢ zis zi8 408 Lo08 cos 864 vee 919 i £2 J
R 18— 18— 608 — L0 £ 08— 8oL — B —BVF— ——f e = - BE e e
¢ o018 otg 508 sos £08 662 482 8vy ' 1z
. . e . f£08 £08.- 008 - -Zél £6¢ 482 2L oy T oz <
z18 iy 808 vos 008 26l 992 vo9 ' o1
¢ SR e 408 608 - £08 --%08 - 108 008 LeL 69§ i ax
908 908 508 vos zo8 86 Zs¢e ' 1 a1
— T B3R I B OB — BB ——QLL — — £LT - ~ b—er BT e
¢ 508 808 808 208 908 S08 £64 88g ¥ st
— — - 408 608 808 - £08 908 £08 9ee ces ' vi )
zi8 808 662 o8 z8e 99¢ Sie 923 i £1
" e 11 . oi8 £08 vel ey 9iL #5¢ 8 ' zs 9
z18 zZig Zig 604 808 08 vel zey Y T
R 134 (34 04— 8§08 — — kOB —— 008 . -— $BL—  UTP-  — B - —@Fe — -
z18 218 Zve otg 908 208 69¢ s 1 s
- — .- f18. 118 £08 108 96 ves Y Lo I 8 9
oty 018 408 L08 908 008 192 04t ' ¢
L . . e ois L08 964 8L £L¢ Y zos i 9 4
L 118 (18 otg £08 zo8 96¢L 0S¢ 98 1 s 9 _
I8 XI8 _ _GO8 —— 86l . —S6L .. 8BL - _§EL. - LSS i ek o 4
z1e 808 vos 66 Y] sie ££2 8 1 £
¢ ) . zie 218 08 to8 caL gl Y&l s 1 z N
o018 o018 co8 £08 vo8 vee 19¢ £68 ' 1
e e - — - o . . IX ===
v 1443ddvZ 30 3 dwes 3x J




4141...115<¢1d<€::.3:.1.1< 44..‘.1,.....,13,1.1:.1.1«3:1111:1.31141@11111411
[ - ! - T - [ ) - - - ﬂ 1 |
o o 7]
i
e °
— o - . _®eL 2Lk _.___¥BZ_ . __ 4SE 1 _ 4% 1 .
Lng £51 sze Sig 1 8¢ 1 ®
s . e 9zt i sez gIf 1 & i
oSt ozl zse 86¢ 0 9 1 ‘
- . et £2) zez 292 1 s i
<8 <81 82¢ ZiE 1 vs 1 o
S — e S £04 cor P T S S - S S
651 T3 ove oot 1 zs '
o o 1 651 vez Sit 1 1S 1 ®
L6 £C% (£ zot ¥ oS 1
{ e Lo ) £S1 P2 31 862 F424 3 &k 1
ze s P 8£e L6t ' av 1 ®
b — " e e I1£1 AL L [ ¥ Q4L ) § Vs 1
ozt 05t (22 £I8 1 9 T
o R . £8Y . ¢8 zes 821 1 cr i ®
92y e zee Lo% ' purd T
L zzt 8¥l .. €2 9z .. 1 £k 1
80t z91 cze £If f zy T o
_ o i 821 T 192 622 e s 1. —
(ET eet £92 sce I or 1 |
. o LTI1 . gSI 1% z&z X &% 1 o \
- zzt vy &9z 0cz 1 o T |
; . _ZZL. . .8rl &z 6T . 1 L8 1 .
va 0z1 el 8rz 1 9 1 o |
e —_ .. - LAL [V 4 L0k 3 & L [ o] 4 1 )
zut 8st £22 s 1 ve T 5
o _ _2ZTy.___8Sy.__. (ST _ .£OE .. ¥  _._ §£f. 1 S
oSt £TY viz ves 1 s T
‘ L ZEY . ._BEY . _L0Z zEE i 1 ¥
asy zve 8Lt 19 Y o T o
. _ 101 291 bl 74 ﬁ’\ L AL 1
9Lt Vel £ve 62 1 82z 1
- e - . S9L. __. . %0Y_._ A0Z_ _ . A£E._ ._ I L2z . ... O
£2 8ET 1T L02 1 9z T
oL . L _0& ____ _&LY_ .. _Of2 01§ I sz 1
s9 Y 602 0£E 1 v I J
. _ I — . LD rd o V4 202 [ 1 £ 1
{ 26 8Ly voz 9£€ 1 e 1
o o _ ) . 89. ____00Z .. 8% £af 1 1z 1 J
v ozz svt cef 1 0z T
. I 08 . 041 £22 s 1 61 1
‘ 98¢ £8 8% vy 1 8 1 9
1 s o - 8%z 0§ 24y 29 L L 1
9ze e ISy 68 1 9F T o
. _ Zet ey 202 1£€ ' St T
691 86 12 892 T v 1
o L &zt Ty éve 162 1 £1 T o
sel vl e £I§ i zt 1
R _0CX 0Z1 041 [ V4 | § (@4 ) &
T3] Y vl J0¥ t oy 1 o
. o 061 08 ... 98E_  ¥SI Y é 1 _
0% £91 122 ars ' 9 % ;
{ S R SLt .86 G 081 I ¢ T w
0S¥ 0zi 152 a8z ¥ v T O
88 ZAX VA CA FAA L < L
86 Y3 982 vos 1 v 1
. e zox B2 zze ars 1 £ 1 L
LET £ET 892 zee 1 z 1
_— o R - A, . - X (=== _
. ‘ . §443ddvz 40 3|dues ax
- ) )

L e

PRSP ST |




ey

oy

ey

3. season number (1 to 4)

4. number of events for each of 4 joint occurrence classes.

There are 32,385 records in each of the four files (the number of points
in the upper half of a 255 by 255 matrix).

These 8 files contain numbers of events and are generated as a
intermediate product. The information of interest for DCPMAIN is in
fact the probabilities of events. Program TAPPER converts the numbers
of events into probabilities of occurrence, as described in the section

that follows.

B.5 Program TAPPER

Program TAPPER written in standard Fortran 77 was implemented and
executed on the N.E.D. Harris system, described in the previous section.
The program listing is included at the end of this section, followed by
sample output from files TAPPERF1 and TAPPERFS.

Program TAPPER is a relatively simple program designed to take the
output files from program ZAPPER and normalize the numbers of events to
probabilities of occurrence of events of interest.

The program reads each of the staticn files ZAPPER) to ZAPPER4,
deternines the total number of events for each station in each season,
and then computes and writes the TAPPERF1 to TAPPERF4 which contain the
tollowing data in each record:

1. station number (1 to 255)

2. season number (1 to &)
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probability of no rain
probability of rain in depth interval 2 to 8 (see Section B.4),

given that it rained.

These files TAPPERF1, TAPPERF2, TAPPtRF3, and TAPPERF4 are exactly the

input files F251, F252, F253, and F254 needed as input to DCPMAIN. A

sample is included at the end of this section. Each file has 255

records.

In an analogous manner, ZAPPERF5 to ZAPPERF8 were read in and

normalized to combine in each record:

1.
2.
3.
4.

first station number (I = 1 to 255)
second station number (J = 1 + 1 to 255)
season number (1 to 4)

probability of events in each of 4 joint occurrence classes.

These output files, TAPPERF5, TAPPERF6, TAPPERF7, and TAPPERF8 are

exactly the input files F351, F352, F353, and F354 needed as input to

DCPMAIN.

A sample is included at the end of this section. Each file

has 32,385 records.

249

B

ad A




s v 7 v -y = Ty ™ TV ——— MR AR L o LR AR = Bttt — W rTYTE Yoweecew AN g
: Yy a ™ » » ». .| » » ® h
ﬁ e S (U ]
v b
,_ - T T T e 0O
e 4 13dM1 =86 300N IS H T 4 VRO LS LN IN SO - e : 1
J i
I, . e L . 2 o
(OT-THOLIHIIX//7ZXT 434d=311 4
- S . - (OV-VHOLIHIIXA/TXY 4944=93 114
. 3 o
—— e —_ e - ~ OZANSEHIL - ——— -
0¥+N=THDI
. e - . 3 . I
SYISNI V=N 05 OO \
S e - 3 _
SAVNNY NO4 S3104 HSITEVLSI 3 o
- —— —— - —— ———— — — e = - - - - -3 - )
2
} L o 2 o
3
. N £eBdet il det a9 40806 a0t ubdetafdeteZd.tabda/HIIX YLIVE ®
a2
— - - - — fm———— bt ———— e e o = . - 0=9N4d1 e
8=S1dN
) e v=SYISN o
GGZ=YISN
. - WH3JIVIHUAHEE L o =X T 434
. HASAYZHUANZEZL o = EX T 43N 9
e - - R e — LA I - —
J o )
- SLINI'I NV SINYLISNOD NNY 40 NOYLYZIIWILINI 2 D
u -
- e PIRHI IS4 PTRVI NIV ERSXY JTHI Y ERTXD AINd HILIVAEVHD N
(8)HIIX ZHYILIVEVHI :
B _—- (PISSEIMUVACBIHEY /ZANWNEANOHNED — —- -
(CGZ)XdA9 144 (V4CEZINIX? (BINSX 7 TAHKINE/ NOHHOD
S S . - ‘ INILY 9%¥FVILNI N
NOXHSX ¥393LNI
; ; e 3
. REXTRRRER KRR R KRR R R KRR SRR KRR RRE KSR RRRER R R SRR XK KRERRE KRR RS LR AKET
- - — - — e— e e e ———— ——— — —— <lw; -
TIV4 - SNOILYIINY0D 84 81 2
L : . ¥3HWNS - SNOILY133¥0) ¢4 1 3
ONTN.JS - SNOYLYI3NN0D 94 91 3
. I ) NILNIN - SNOYLV13NN0D 59 g1 3 ‘
W4 - SILITIEVH0NS 1IYINIVY v i 3 J :
el - . . __MIWWNS -_SIALTIEHYHONS LIYINIYYE £4 £r 2 ]
] ONINAS - SIVLTIIHVE0NS VIVINTYY €4 Zh 3 B
- . MILNIM - SANLEITHYHONS VIVANIVY 14 1 2
a2
S S3HId LN4NX 3 :
3 J
] e e Z863--ALGNONY & 40 NOISHIA — -3
2
- e . CBOY ¢ 1SNONVY B J
¥IDI440 LO30¥4 MININONE WIL 2 1
! S SHIINIOND 40 S4N00 ANNY CNOISIAKU ANVIONY MIN N0 UIYvdINd a3
SYNH IIVIYY NV NYNSSONY 1IWNOD A8 03Y43N4 3 v
L — ; . o e 314 YIVG NOYLYLIJID3¥d SSII0NJ 0L WUNOON .2
3
NI4dVL WYNIUNL 3 ¥
2
RURERIY /
8 - P POy P S Uy W SN T SE P W o




O

R ——— - LCTINSX-L1dd) /(L= INSX=-(IWNSX)LVO 145 (" INSY (24
_ SLdN¢Z=1" Qre 04

|
)
(8]

b , B ‘ ‘ 144/ CCYINSX) LYO1 3= (T INSY
)

: . - . , 114 NOLLYLS ONXLSIXY FL03M

Lo
1

: .. L [0000°0=Ld4d (0°0°03°1d44) 431
L (S1dN)HSX=1dd
e e e (SLANST="14 (CTDRSX) SHIENAKRNEY (1=03Y4TOOL“YHIL)IUVIY

VISNSI=I 0vZ 01

0Z+MN=fHII
e 01 #%=THI1

o
1
|

e 3114 NOILVLS ONILSIX3 (v3N

——— - — e = o - - o—- .. BUOLYIINHNDIJY SINIAG IZ1IVILINY

WRLLW

—— vel=3 00t 04

i
|
'
i

e SNOSV3IS ¥3a0 40071

© O 0 o ¢ & 0 O O

i
251

INIU4 SIHL SAOTIU4 ONISSIJUNG 1804 17114 0 UNF

&)

1
i
[
[}
1
H
L}
1
]
]
1
]
1
1
]
!
]
]
]
]
]
]
1
]
|
]
|
1}
]
1
]
.
\
[]
]
\
i
]
]
:
1
]
1
1
]
!
]
.
L]
)
]
]
]
'
;
]
I
1
t
'
1
1
1
!
]

LowLeLLLLO

(E°0T400TIE)IUNNOSA  ¢00T ,
o (£°004840V[E)LYNE0CS  £00T ~/
(OTIVSOTIE) LVHY0Y 2001
e N A . (OVIBCOLIC)LYNYDY 00T
A0NLLINOD 0S !
— R — e B R . - e— e e . . [ .

CoUILIVHYOS «=HYO S I P
S — feTWIUININYAS o =SSHIIV 41N 4= 1L A PHIL =L INN)I NSO

R - J— - - — e - (0L 1038 L 1AL IVRIO 3. SHY0S. | . -
o 123ANXG.=8853JIVVINTI=T 1T 44 CHIN =L INNINILO

- .. (OT-EHIIDHIIX//TXEA3¥4=8311d
(OT-CHIIDHIIX//7YXTI4384=9T 1] 4

O
(8 )
Qo
. - - . SO e e 2
NEoZ=oHIL
e NV I=ZHIT 9
9
9
9

H
|
t

VpLwow

e - I («UILLYHYO 4. =HY0 S I
L TYLANINDAS o =9830394dI 1L 4= 1L S EHIT =L INN)INIL0

(3]

(00T=723Y¢ .13 11YNNO 4. =HYO 4 T

e
e
.

@

—d




P ——— —— > 41‘111_141.,111..3...1
T‘A r \ i 4 Lan . 4 w Lt - LA d T . B A ‘ . v - .
| - - - - » - a. W » . ® .w
4
| ] . S ;
,. ) ) e o o ] i i .
: 0
] 1
: T T T T ‘
] !
.. - - C e - —_— - s - ® |
| ,
o T T T ) { "
L o !
<3 !
e R - 104 .
UN3 @
— e e e e e e+ —_ 9-—
: T oI m 2 ®
S, e i e pe §
ﬁ J :
e _ — - JANLLNOY  QOE .
9 b} .
. e e JANHINUI— 092 —
CPOV="1 CITINEY) SNG4 (YOOT4PHIY ) 3LIYA
et e e e [ ] o A
(3704 NOYLIVLS SSUNO 40 3113M 330438 .) LYNI0E 5006
SO C(S006¢£)ILINN (0*L0°UNYY) 4T
3 O
- - e A XA AL AL I MU X) AYO = 1S EI I — - S63 —— 1
$41=1 S5 04 <
. —— (40071 09& 0 IYNK4 30 INVLS ¥3L4V .) LYKHM04 6006 ~
(BOO&4E) JLINM (O*19°9NdY) 4T
{ Lo VIENSTI=" 0%¢ 01 N
3
] e — —— - IHSNOEEWIE BEDN)-ONI46IX HEIN—— D ——
(40071 FONYLINOD ¥SE OO ¥314Y ) 1YWN04 L0066
S - . © O (L0064E) ILINA (0°19°00d)) SI
2
) e 1000°0=(r)Xdd (0°0°03°(')Xdd) dI sz -
‘ VISNY1= Y52 04
L - — e —————— e e . R — [ - T :
. (£I¢. = 37114 40 dv3¥ ¥314V .) LVUHNO4 9006 !
, -- THOI (900646¢) ILINM (0°1O0°0NAI) 4I .
o)
y - e CVUCIHEXH(C)IXDI= (I Xdd 08T
vei=1 05 Od J
, e - O U 0:0=(l)Xdd — .- —
. (P OT="16 CLEL D) MITX ) SMAIN A WNIEF SRS (D3¥1=3384E00TF $CHIY I IVIY )
- CI=F)4E/CE-VISNRS)I B (1 =1 ) =03N]
\ VISN*T1=( 0SC Of
. - . T4HI=y1
4 VISN¢Y=1 092 01 v
- e e .- e e— C— - — - R -3 .
1
YTHN=PHII
p e e Yi+N=EHOI 9
3
i
] o 3114 NOLLIVLS SSUY¥I INILSIXI Uviy 3
(£EI4, = 37113 40 ILIYM ¥314V o) LVYHY0S 1006 v
—— — e e . .. £HO) (TO064E)JLINK (0°10°9NAY) 31
3
(SLINAV=T14 CDHSYI NG (E00V4EHILIILINA OV v
3
; i B (214 = 4103 U1 L4514, = NOLLYLS 40 1118M 340444 o) LVHMNOS 6648
YHOIOL (666L4Y) 118N CE*L19°9N41) JI -2
v. .A
4 - I’ E _JI - T A T T S W




Cw v pTvE-ve e -

40020 £E04Q $200 600~ —OBUXO_ 69310 60L10 86¥0— J 86— . _8G-—
v10'0 £00°0 9£0%0 680°0 9£0°0 691°0 40£°0 8G90 1 2 (5
- S - . 110%0- ®1010 6£0°0 £20°0 Zr0'0 £91°0 L0470 16940 i 95 9c
000°0 $00°0 810°0 £10°0 820°0 991°0 89440 665°0 1 5s s¢
00020 - - 8100 - .. -8Z0'0 *I0°0 £20°0 £8110 48440 ZeLto 1 vs vs
000°0 ££0°0 z2e0°0 610°0 ££0°0 0140 I PAY) £99°0 1 £5 £5
———— 00— 00— —8B010 - 6B00— - —EEOLO————RBILO— ——ZTLD —- £Z9'0 ¥ S~ - - E&—
. 000°0 20040 0£0°0 S10°0 £80°0 &vi°0 1940 0£9°0 1 s 1S
-~ ¥00'0- 00010 0800 800°0 5b0°0 010 £62°0 569°0 I 0s oS
000°0 £00°0 900°0 700°0 1100 11250 ££6°0 ¥245°0 ¥ av &y
o --000%0 £20°0 200 £20°0 $£0%0 L4140 LVL00 ar9*o I av ar
. £00°0 ¥10°0 520°0 9€0'0 190°0 1910 $69°0 959°0 ¥ v r
, 000 £0020- - 0£0!0  —0£0%0- — L0120 — —JYSL0—— — KGR0 -~ 4990 . T - T 9%
. 000°0 000°0 200°0 600°0 £00'0 860°0 v68°0 £S¥°0 1 Sv sy
” —  glo‘o ££0%0 €30°0 2200 080°0 £L1°0 2990 $99°0 ¥ 194 vo
“ 000°0 000°0 v£0'0 020°0 ¥£0°0 951°0 9420 8L9°0 1 £ £v
| - - 4000 L00*0 §r10°0 1¥0°0 ££0°0 S61°0 1170 £99°0 ‘ zv zv
,.1 0000 v00°0 ¥00°0 LE0%0 Zv0°0 I£1°0 264°0 189°0 1 1% v
- 00010 Q000 - - L0020 — E0020 -—8E0%0-— --ZEV'Q-- - 6680 Sr90 - ¥ ob — oF
000°0 ¥00°0 v10°0 2£0°0 120°0 a9%°0 1940 4¥9°0 ¥ e 6t
.~ ~ 000t0-- - 010'0 L300 .. 120°0 8£0°0 zs1'0 29270 Zv9'o 1 8t 8t
000°0 000°0 ¥10°0 £00°0 ¥20'0 ?81°0 694°0 L(£9°0 1 (£ g
00010 000°0 S00°0 ££0°0 2£0°0 9210 008°0 1990 1 9€ 9f
000°0 000°0 000°0 200°0 900°0 82640 v16°0 9840 ' St sf
e 00000 #0010 — ¥I0'0— — 4200 - 620%0 IPE0.. - EHL°0 - 4689°0 1 ve - e -
¥00°0 000°0 ¥00°0 610°0 £50°0 80Z°0 21240 $L9%0 1 ££ £f
- 0000 - 22010 1300 Y100 G¥0'0 vE1'0 L0 899°0 1 g€ 28
000°0 000°0 400°0 000°0 £20°0 Y00 vi6°0 2Lt 0 1 e 1€
e 00040 _B00'0 0000 £20%0 0000 ¥90%0 806°0 26210 I of os
000°0 500°0 S00°0 000°0 ¥i0°0 1$0°0 926°0 ZeL0 ' 62 62
S-S 7- T SV T ST TS TP S £ 7' Y- SN 1 9 7 GUM 73 § 7 SR 2" 7 S e T S 83— — 83—
¥00°0 ¥00°0 Z10°0 210°0 020°0 £60°0 99840 889°0 ¥ 2 23
e - 63020 - -~ 9300 -~ 4T0'0 - L¥0'0 6100 - 1810 069°0 010 1 T4 92
600°0 810°0 £10°0 810°0 L20°0 zor*o vi8°0 12200 1 sz sz
G000 -— 0300 - 9F0%0 £0010 1200 210 1200 £92°0 I ve ve
) 000°0 S10°0 0100 010°0 9£0°0 Ze1°0 908°0 68270 1 £2 £2
e 80610 ¥ ——— O O— ——FE0 10— ——DEOLO— L4049 4580 - —FPL10 -—F— — —FE- o ——— EE—
000*0Q 900°0 €200 zZ10'0 G200 z90°'0 0L8°0 0080 ¥ £ 12
e e 00020 —-— 0300 020'0 - 9Z0'0 920°0 1510 6270 408°0 ¥ oz 0z
$00°0 v10°0 630°0 610°0 8£0°0 gzr°0 644°0 veLt0 ¥ &% 61
3 - — - 0020 - - -50010 £00°0 £00°0 20010 2S00 £26°0 95¥°0 ' al 81
] 000°0 Z00°0 200°0 £00°0 £00°0 §L0°0 2¥6°0 LE£2°0 1 2t an
e ——— 90010000000 ———Z0QT0 - GO —— —8GO0— —ZTE°0 - — PEE0 ) T ") S
i S00°0 000°0 S00°0 $00°0 $00*0 v$0°0 8c6°0 L2L°0 ) Y st
-~ 9000 #0010 v00°0 v00'0 150%0 $60°0 v88°0 &¥9°0 1 vi vi
¥10°0 ¥£0°0 SE0%0 ¥20'0 950°0 821°0 1990 8v9°0 I £1 £1
v0010 €00 v£0'0 8£0°0 0£0°0 1280 28L*0 9¢9°0 1 z1 zt
000°0 000°0 £10°0 900°0 900°0 2200 006°0 acet o 1 T 13
00— 00— 00— ZL00— 240000 _bLE0 24420 ¥ @ — e O
000°0 600°0 ¥00'0 800°0 800°0 0L0°0 606°0 L1v°0 I 6 é
. e 00020 - €10'0 ... £&0°'0 6100 S¥0° 0 1020 2690 v29°0 ¥ 8 8
000°0 $00°0 200°0 200°0 ¥i0°0 £60°0 £88°0 1av°o ¥ ¢l ¢
s . . ___£00:0  --0F0°0 . 9£0°0 §20%0 S¥0°0 8L1°0 66970 619°0 i 9 9
000°0 v00°0 0£0°0 ¥00°0 920°0 96140 ovL°0 01£°0 s S s
— 0000 ®2040 800 —— 21020 BZO0O—— £)Z:0 46910 LU90 T —. k- b -
9100 910°0 020°0 1£0°0 £90°0 YV 0 68940 L8940 ¥ £ £
! e .. .. .. 0000 . 8I0°0 tzo*o v10'0 £v0°0 1Zy0 £82°0 ¥$9'0 i z z
: 000°0 £20°0 600°0 600°0 ZEO'O 2610 viLt0 ZEL00 1 ¥ 1
- - - T44344YL I <==x
T49344vL I
@ ®
! * r\ N IR .. e e et .

253 C © 0 0 o o o O 90 o O

~
o

L ¢ C C C C°

¢ ¢

\




- - - - - - [ . [ [ ] [ ] [ ]
9
S e i
o |
0000 000 0. —00020 ... 0000 - LO0‘'0 . 0¥0°0 .. ¥86°0 £C9'0 I 811 - 81t !
000°0 000°'0 000°0 0000 000°0 0v0°0 096°0 069°0 ¥ L1y LT —
[ e eeee e e . . - —.000°%0 0000 000°0 £00°0 000°*0 £00°0 L8648'0 605°0 [ 763 911 o
000°0 000°0 0000 000°0 0000 €10°0 8860 085°0 ¥ SIt st1 .
e —_..0000 0000 000°*0 £00°0 000°0 ¥0°0 LL6°0 L15°0 I viy vl P i
000°0 0000 £00°0 000°0 72000 goo 6560 B25°0 ¥ £ £11 L !
: 0000 000°0 00020 . 200!0_-...._¥00*'0-..... 6900 126°0 80¥%°'0 ¥ 4 3 S F4 & SEE- i
,. 000°0 ¥00°'0 v00°0 2000 ¥00°0 8v0°'0 o¥s°0 50£°0 ¢ Tt 1t :
,. o . I — Y+ T 1Y 1} 2000 0000 000°0 900°0 £50°0 L8£6°0 [ 2494 ¥ o1} olt o w
000°0 000°0 000°0 0000 €000 £E0°0 GL6°0 vEE‘O 4 601 601 i
4 . e e _ 0000 0000 f00°'0Q 110°Q ¥00°9Q £90°0 7%6°0 £iv'o 4 80% 801 N i
,f 000°0 0000 000°0 0000 ¢00°0 860°0 0L6°0 40£°0 1 0y L0 o ;
ﬁ — 00020 0000 . _..£00%0 L4000 8100 . 8¥0:0 .. . 1260 ¥é65°0 ¢ 901 . 901 . . . ;
w. 000°0 0000 ¢00°0 200°0 8000 0£0°'0 86860 cLE' 0 1 201 S01 {
f . ‘ 000°C 0000 £00°'0 010°0 0Y¥0°'0 §50°'0 ceé°0 6ZS°'0 ) vo) ¥ol o ;
, 000°0 000°0 £00°0 000°¢ 000°'0 0500 Lv6°0 809°'0 ¢ £ot1 g0t
- [ - Qao0:0 _. 000°'0 000°'0 ¥00°0 600°0 Zv0'0 vvé6°0 [ 44 2] 1 Zot [429 !
0000 0000 000°0 £00°0 £00°0 820°0 vi6'0 §eS*0 1 10t 101 9]
. 000'Q 400G __ 00004 . 000°0._ &00°'0. _ 8¥0°0 _ Zv4t0. ... ¥9¥V*O0 i 001y - . 001 .
000°0 c00’o 00°0 ¢00°0 200°0 £90°0 0Z6°0 88v°o ¥ Y 66 .
... -.000'0 [ TR 2000 ¥00°'0 v00°0 4 L' M) 6860 viE°0 ¢ 86 86 0
0000 £00°0 2000 £00°0 200°0 990°0 v146°0 [4 234 ) 4 6 Lé
£00°'0. 200°0 1100 £Z0°'0 (YA A S80°0 Ly8°0 £96°0 ¢ 94 96
£00°0 £00°'0 800°0 £00°0 G000 880°'0 é88°0 ¥1S°0 X 56 Sé O
e e e e 000°'0Q 0000 _. ZaD*0 . 000'0 .. _ 400°'0 .. _ 050°0 6860 PEL0 1 vé —_ vé *
000°0 0000 ¢00°'0 000°0 S00°'0 s¥0°'0 8v6°0 4080 4 £6 £é
000°0 820°0 £30'0 €Lt o ¥vo'o 91’0 Lyl O 1190 T Zé Z6 0 ) A.
£00°0 £10°0 0Zo0°0 L1000 Yv0°0 8530 Ivs°0 ££9°0 1§ 14 16
000°0 000°0 fzoo ¥Zo0'o 800 14 A ) 9LLO LEDO X 04& 0s < . ‘
000°0 ¥00°0 ¥io‘o ¥10°0 gvo°o ££1°0 [ YA 2590 § 48 68 % .
e 000:0 0000 ___ #00°'Q  Z00'0 _ _ IX0:0 #8500 L¥s°0 -te¥r0 .0 88 - ..-88 _. .,
000°*0 4000 L80°0 OL0* 0 LEO'0 9Z%°0 YLl 0 8290 ¥ 8 48
. 0000 ______0QE0°‘0 0eo°*o £20°0 ££0°0 [']38 B £LL2°0 TE?Q 4 98 98 N |
0000 900°0 Zi0°0 610°0 T£0°0 |15 ] 24800 c09°0 i 4] S8 _
_ 0000 . 000’0 . 400°0 400°90 zi0'0 110 5S8°0 rgs*o L4 1 4:] va ‘
v¥00°0 1500 120°0 2000 [ 50 AR Y 8810 ¥8L'0 1570 I £8 £8 / |
O, Z00°0 000°0 _ ._£00:0 . £00°'0_. . __500°'0.. (500 S 30 5.4 A T ] 4 (4] - 28 _ ..
1 v00°0 4000 8é0°0 L00°0 S£0°0 S91°0 ¥8L°0 [14AL\) I 18 18 |
0000 . . _Z0O00 0000 5000 93100 960°0 1880 (44 Ad] 1 08 08 .
£00°0 £00°0 010°0 AL AN] yYZo*to 2110 4280 0£9°0 ¥ (Y4 [.Y4 |
... ..000°'0 _010°'0 S00°0 G000 03100 [ 2 ) &26°0 £GL0 ¥ 8/ [: 74
000°0 800°0 y¥00°'0 910°0 93100 €400 sS98°0 1690 4 [ (¥4 ~ |
lllll 000°0 £00°0 40000 . L0020 ' Q200 ¥Z0°0 _ ___Zé8:0. . ££2°'0_.. S - .9 - 9.
000°0 000°'0 000°'0 0000 000°*0 000°9 0000 000°0 ¥ }Y4 [ Y4
. 000°0 TV AR 0000 0000 000°0 61200 ¥96°0 £18°0 ¥ ve [ 24 N
000°'0 000°0 700°0 000°0 000°0 ovo'o ¥546°0 984°0 ¥ £ £l
_.- 1100 [ ] V) Sv0'0 0£0°0 5v0°0 ZL10 040 [74 Ak'] ¢ 4 L
5 . 000°*0 000°'0 2300 T10°0 ££0°0 011°'0 (1358 Ad)) 9LL°0 f 1 ¥4 | ¥4 '
—— 000°0 Z10°0 a0t 900'0. 2i0'0. . 8Q'0__ —kBEQ . _/Z8°0. _1... ___ 0L o¢
000°0 £00'0 000 £00°0 (A4 A] S90°0 680 4280 3 49 &9
U . ._000°'0. . _S00°‘0 600°0 8200 8¢0°0 46010 L8 o ovs0 1} 89 a9 ~
000°0 0200 ?10°0 €800 ¥vo'o 8v¥1°0 0EL*0 6890 | ¢ L9 L9
. _ .. 000°0 ~ Q0Q*0 L0090 L00*Y 2000 5460°0 £88°'0 I£8°0 I 99 9?9
000°0 000°'0 0000 0000 8v0°*0 6Y1°0 £E8°0 ¥eito I <9 S9 .
0000 Q10°'0 ~.SC0°0 __ 5Z0'a. __ QIQ*0 __ k&Q0D /%80 . iS¢ . L. . . k9 _ __ _¥%_..
000'0 S00°0 €000 600°0 8100 821°0 ?£8°0 [} ALK 1 £ £9
— e e 0000 . AT0°0 800 0£0°0 L4800 4S51°0Q Y40 (990 14 [44 c9 (O
0200 9200 LZA V] 9E0°%0 £EO°0 cee'o Ly9*0 1990 1 134 134
- AU € A B . S€0°0 ££0°'0 v00°*0 400 8810 £0L°0 C0L0 | § o9 09
£00°0 é10*0 8100 Zro'o £20°0 Lyt o 0L o £4S*0 |} -39 &S N
| R




,Tw 4. .11«MJJ < wr v W— v 4. e ataca e sen o) ,I.AM wr Y Lol e AR T ﬁ s n y———r — ‘_1 T —Y
—_ 00010 0024 00029 Q000 — Q000 —— 4302 0——-38610 N WEY. 4 —8Ey —— 44—
000°*0 000°'0 0000 000°'0 0000 Y000 966°0 4020 3 Lt LT
- - e e e 0002 0—— - 0000 0000 000'0 0000 000°'0 Q00 ) L€l 0 1 9Ly 9T ]
_ 000°'0 000°'0 0000 ¥00'0 0000 2100 8460 S¥2°'0 ¥ Y4 [AY4 §
, . [ .- - - 00020 —— QU0 - 0000 -000°'0 0000 0000 000 {690 ¢ [ 74 ¥l
, L 000°'0 000°'0 0000 0000 000°0 2e0'0 860 LLL00 ¥ £ £
f —_— —_— 000 00— 002 00— — V0020 - — 00020 —— 0000 — L0 ————$LEL0 — LGB — - - Y - Ay —— —— &L F——-
b 000°'0 000°0 0000 0000 000'0 000°'0 0001} ¥SL'0 ¥ | YA 11
b - e — - —-000°'0 - - 0000 000°'0 000°'0 0000 £C0'0 LL6°0 o8O 9 oLt 0el
' 000°'0 0000 000'0 0000 000°'0 Iv0'0 456°0 180 i 691 691
, e e —— 00020 - - 00020 0000 000°'0 Y100 900°'0 £t86°0 80 1 8el 891
, 000°'0 0000 000°'0 Q000 £00°'0 020°'0 960 {290 ¥ L9} L91
—_—e e 0000 ————— VPV —— DYV — - 0000 — VOV ———QUVOV— - — Q00— PG Y- — S "1 2 ST TSNS ¢ [ - § SR,
_ 0000 910°'0 Zr0'0 8¢0°'0 290°0 cve'o 2650 84890 { 29y S91
ﬁ ¢ - _ - —-000'0— - — 000'0 £50°0 000°'0 £é0'0 £YV0 (X3 84 C¥L°0 ) 91 [ 221
000°¢Q S¥0°0 [ AR L8009 [ 2+ R L9910 yeL'O 9L9°0 1 £91 91
_ —_ —————— 0000 — %000 000 8£0°'0 #20°0 L8Y°'0 8cl'0 4040 1 cet 291
h 000°'0 400°'0 £¥0°0 LY0%0 [ 2V 2] [4°% 4} 964°0 8890 ¢ 19% 191
_— —_—————— 00010 ——000 00— — 000 - —- 0000 - YOO ——— UL P-— — B0 - — EV60— — F - —— 9 ———— O F— -
000°'0 0000 0000 000'0 000°'0 010°0 0646°0 cv8'0 ¥ 4S1 &4S1 1
A RN, e 0000 - -— 2000 410°0 L1000 0v0'Q £0¥°0 L4380 v8L°'0 1 8G1 2T
000°'0 0000 000°'0 0000 000°'0 8900 cE6°0 99L'0 | ¢ VAL LS
.- 00020 - 000'0- 0000 0000 ¥£0°'0 6£%90°'0 L468°'0 (w80 4 vGy 1134
A. 000°'0 8y0°'0 t¥0*'0 £v0*0 &¥0*0 080 ove*o 84L°0 ¢ (324 § (1~} §
00010— 00020 00020 00020 0000 811'0--—— Z6BB20— ——¥(B8O0— ¥ - —— _PCF - — PO ——
000°'0 000°'¢ 0000 0000 0000 ¥90°0 9¢6°0 yg8°'o0 i £S1 £97
ﬂ_ - - —.000'0--..-0000 000°0 0000 000°0 1Z1°0 6480 LES0 8 44 Py S O
0000 0000 0000 0000 ¥50°0 &420°'0 L5860 tee'o s IST ST
9 - - - 0000— -——900'0- -- 0000 0000 £350°'0 ¥80°0 0oLté'o c08°0 5 (114} 0gy
000°'0 0000 0000 000°'0 200°0 S10°'0 086°0 LA YA 4 &bl 1A
Y ————_——— 000000 D002 — - 000 ——— VO LO———HEVL D —- CLE'Y) ——E9BLO0— —F  —— - P —— — -8V} ——
c10°0 ¥20'0 Sf0'0 8100 Lv0*0 &¢C*0 (5% A4 064°0 ¥ vy r4 A¢
0 e 0000—— 0000 - 0000- Q000 0000 - - — 00040 000} cEB8'O 4 vel vl
000'0 000°'0 000°'0 0000 0000 9000 v646°0 &LL°0 1 [~ A1 [ A1
“ - —000'0 —— VOO - - —0000 0000 0000 - &%0'0 18460 008°'0 ¥ (229 el
000°'0 900°'0 0000 900°0 000°0 810°'0 0L6'0 £62°0 ¥ [ A el
|||||||| —_——— 0000 — VOV ——— 00— DV POV ———— PO 0 — - - ZREVO——— LEG0-—- ~¥ e --- EWE - — €v¥--—
000°'0 0000 0000 000°'0 Q000 2200 860 #88°0 ¥ 1S A 1§ 4
ﬂ - - e~ 0000 —— DUVV0 -— - V00O 0000 Q000 Q00°'0 Q0O Y [-T4 R ¥ (1 A ¢ o¥l i
! 000°'0 000°0 000°'0 000°0 0000 100 t86°0 928°'0 ¥ [ ¢ F$9 ¢ ]
F — 00020 — — VOO0 - - VOO0 000'Q 000'0 5I£0°0 4960 ove*'o ¥ 8Ll 8gl g
000°'0 800°'0 000°'0 000°'0 2100 140°'0 Y880 iv8°'0 1 LEN LET
e ——————— . PPV BV O———— P00 0002 0———LEV — - —PEeO — -098'0- -- ¥ QLY - DI - 1 ) S 4
A F 010°'0 8¥0°0 #830°0 0000 120°0 4%¥0°'0 yg88°0 £E6°'0 ¥ [ § [ o ¢
—_ - 90020 —— -380'0 ri0°'0 £00°'0 ¥i0'0 L4000 4980 £99°0 ¥ ¥ET vET
s 210’0 &10°0 £E0°0 ¢10'0 0eo0*o 9800 9¢8°0 Y890 L § £E£Y 13
e - 00020 ——— 0000 0000 6009 000°0 S90°'0 vié°'0 yig°o0 ¥ ‘ P4 4 ¢ Pl 2 §
b t 8f£0°'0 2¢0°'0 0Z0*0 £20%0 2£0°0 4 2 S ¢] 8¥4°'0 4 AX'} { 1§ 1§79
 ————— e B R0 VOV —— DV 00 0————L0020---— - 49860 - LEV'0 — ¥— - - 0Lt - - — ---0E¥----
000°'0 0000 0000 000'0 0000 £10°0 L86°0 [A YA ¥ &21 621
L ] — —_— 00020 0000 . [VIVO AN ] 0000 Q000 <200 8460 ¥1s°0 f 8y 8t
ﬁ 000°*'0 0000 0000 000*0 0000 800 £946°0 Z9L°0 9 L2% &4
b - . .. 0000 0000 0000 €000 000°0 4500 9¢6°0 ¥9L°0 ¥ [ 24 L-FA o
‘ 000°0 0000 0000 S00°'0 Q00'0 S10°*0 088°'0 Y] § (14§ [ ¢
- nnn ' nH 2000 oanto ::-v.lc.'lllhg.bllll.ﬁoc.b.l. I|b¢b.° ANNN.D u . -~ QN« —— = 'N-l: <
000°'0 0000 800°'0 8000 000'0 9¥0°0 g£6°'0 6490 ¥ 3 ¢ £t [
b 0 e . Q000 . 8000 000°'0 000°0 Q000 £s0°0 &£6°0 [ 4 A ] | § P ¢ Zet p
L 000°'0 000°0 000°'90 000°0 0000 ¥00°0 9660 L0410 1 [ TAY ) 4 §
] A.\ el e 0000 L0000 0000 0000 £00°'0 0200 9L6'0 L89°0 { (VIR (1 T4 4
! 0000 000°'0 0000 £10°0 £10°'0 0500 $£E6°0 CE90 3 &1t 611
9 Y i ® . o ® i
b e L P 2 L . e e e




—

prowe-

-y DRI SRS theacdoh HERAEEREEII SR atis Bihesnis Y YT TTTTr R ! i
_ o R o
: 0000 00020 -.. 0000 _000°0 — - 00000.— — 00020 _ _0002% . ___899'0 .  § . .. BEL .- BET_—
o 000°0 000°0 000°0 800°0 800°0 5900 6160 Y80 I (£2 (E2
. _ZI00..-  020°0 Y00 v20°'0 v0'0 15540 6£L°0 9690 i 9L 9€e
000°0 £00°0 £10°0 0000 $00°0 ¥L0°0 106°0 £09°0 ¥ SE€2 1324
N . R S000°0. .. 200°0 -. BF0'0 E10'0 Sr0°0 6010 6£8°0 065°0 ¥ vET vEZ
¢ $00°0 150°0 500°0 $00°0 610°0 501°0 4¥8°0 Zvs o ' ££2 £€2
0000 0000 .. £00%0 ~BI00. — — Q¥00_— G800 2880 . 0LEL0 ¥ ZET  _Z2EZ—
000°0 9000 9000 600°0 9¥0°0 £60°0 59840 £09°0 ¥ 1£2 1£2
e .__000'Q .. . Z00°0 000°0 5000 010°0 zLot0 016°0 9050 1 og£e 0£Z
0000 $00°0 £00°0 910°0 110°0 2900 £06°0 0¥5°0 i 622 622
_ e . .. ._._9Z0'0__ .. 0f£0°'Q £80°0 6£0°0 590°0 65110 g4£9°0 viL'o ¥ 8ze 8zz
000°'0 000°0 000°0 000°'0 000°0 9¥Z0 ¥8L°0 (V200 ¥ ze 2z
£00°'0 0000 2000 A20'0 200 Yzin 080 xXe9*'o 3 LYl 9Ze
000°0 £00°0 g810°0 110°0 £v0'0 9€1'0 9820 $59°0 1 sz szz
o 0r10'0 _ __010'0 S£0°0 0100 Zv0'0 _.. S8I°'0 L02°0 o0 1 vz vze
0000 1V0'0 £00°0 42040 620°0 850 99£°0 ¥99°0 § L2 xze
. B o 000'0__ _..000°0 000°0 500°0 L4200  _. £80°'0 1880 0£L°0 1 zee cze
000°0 000°0 000°0 000°0 900°0 9£0°0 856°0 1620 ¥ 122 1z
000°0 00040 0000 ... 0000 _ __ 0000 000'0 _ __000'L ___ §£68°0 0zz 0T -
0000 000'0 000°0 000°0 000'0 ¥z0*0 64670 968°0 1 1Yt 612
\ e . __..__000'Q.. . _000°0 000°0 000°0 0000 _000°0 000° Y vL00 s 812 BI1Z
000°0 000°0 000°0 000°0 000°0 900°0 v66°0 v8s0 0 e o1z
. ... _000'0. 000°0 000°0 0000 000°'0 000°0 000°1 1220 1 91z 912
( 0000 0000 000°0 000°0 000°0 000°0 000°1 8190 I Siz S12
o 000°'0 0000 000°'0 . __000'0 000°0 2000 ®44°0 ®19°0. I % TN 'S -2
000°0 000°0 000°0 000°0 000°0 000°0 000° 7Y 9L9°0 1 £12 £ w
& e 0000 000°0 000°0 000°0 . 000%0 .. ... 000°0 000° K Ive°0 f ciz stz ©
000°0 000°0 000°0 000°0 000°0 220°0 82670 9990 ) Ve 1z
o - . ..000'0 .. _ . 000°0 000°0 000°0 000'0 . .2%0°'0 826°0 9290 1 o1z o1z
000°0 000°0 000°0 000°0 000°0 v00°0 9660 £69°0 ¥ 602 602
o 0000 0000 Q000 0000 0000 2000 $£44°0 0220 L 802 802
_ 000°0 £00°0 800°0 2000 500°0 8¥0°0 vE6°0 {s2'0 ¥ 02 02
L g e .. 0000 _ 000'Q . 000°0 000°0 . _ £00°'C _ .._900'0 . 0486°0 . 2120 t 90z 902
900°0 920°0 Zvo'o 1$0%0 150°0 9£Z'0 685°0 L¥YE°0 ¥ 502 s02
000°0_ _ 000°0 __ .000°0 8000 .. . 000 .___¥&0°0 2480 52800 1 Y voz
¢ 200'0 2100 9200 0r0*o 850°0 9920 965°0 192°0 1 £0Z £02
_ 2000 RSO0 2L 0 8200 o800 AT AN R 0290 1Pl AU ; 202 S0l
000°9 000°0 0000 000°0 900°0 000°0 000°0 000°0 3 102 10z
¢ ) el . __000°0_. .. 000°0 _ . £00'0 0000 000°'0 _£E0°0 __ __£96°0 S99°0 1 002 002
000°0 £00°0 ¥00°0 £50°0 820°0 1£¥°0 0z8* 0 LY¥00 ' 661 661
el e . ____. 000'0_ ®00°0 . 110%0 820'0 . . £10°0. . __9GY‘'Q ¥8°0 ceeo 13 861 861
¢ 0000 000°0 000°0 000°0 800°0 800°0 v86°0 v89°0 ¥ 6\ 61
I 000°0 200°0 0¥0*0.__ . 9E0'0 _ __¥Z0'0 _ AYLY*0 __9Z8°0 _ 0&f°0 L Q&L 96—
000°0 900°0 z20°0 vZ0'0 S£0°'0 9610 96200 L8800 ‘ cst Set
¢ ) 0000 000°0 000°0 800°'0 v10°0 290°0 51640 ¥vso 4 veu vl
. v00°0 TE0*o 610°0 ¥Z0'0 6£0°0 G100 L£2°0 62V 0 1 £41 £61
. ) 000°0_ . £00°0 vZo'o ¥£0°0 . 1£0°0 SEYC0 66240 290 ¥ z61 T4t
< 000°0 000°0 000°0 000°'0 000°'0 000°0 000° ¥ 6080 t 161 161
— \ 0000 000°0 (VYT 0 I ¢ DR + 711 ) 3d b b » h —_I8'a X [17.9 4 041
\ 000°0 000°0 000°'0 000°0 000°0 Zvo°o 8560 625°0 0 681 681
- A 000°0_____000°0 ___ 0Q0°0 _000°0 000°0 __.200°0 ¥646°0 ... ¥09°'0 0 881 CT1
000°0 000°0 0000 000°0 £00°0 v£0°0 £96°0 ¥95°0 ¥ 81 (81
e~ 000’0 _ . 000°Q _. 000°0 000°0 000°0 . . Z10'0 H86°0 vos°0 1 981 ¥81
] 000°* 0000 0000 000°0 000°0 9Y0°0 v846°0 (9% 0 [ c8( S8t
— 0000 000'0  000°'0 _ _ 000G . 000°'0 ¥00'0  964°0  £A9°0 1 ____ ¥8L __ ___¥AL
000°0 00010 000°0 000°0 000°0 1Y0°0 4860 6690 f £81 £81
@ N _000°0____000°0 _ ___000°0 0000 oou*o . £50°0 b4 0 6¥S°0 1 zax z8t
000°0 000°0 000°0 000°0 000°0 z20*'0 86°0 z09°0 i 1814 181
o SN\ 000°0 00000 . QQQ'Q 0000 00Q'0 S00°0 566°0 orLL 1 081 081
L o 000°0 0000 £00'0 000'0 000°0 ££0°0 £96°0 68940 ) 821 &1
e
S b ® ® d .

(-]

J

)

J

L




- v 04 T L 4 g v — Ldaa RS oy o T ot e A A A A A u
o ——y PSP ———— . :
- - - [ ) ) » L0 o » » . ]
]
. e 9
]
T S L« I
e e e e S X
I e n o 1
, - 9
. S 9
! T o
. . o
4
I — - e - . -
,f . 2
S - 9]
: ; 5 _
S . —_ e B, S N
N [Te)
- - o~
L T o J
Y T .
$F . S _ o)
L o o S )
L S, . - ) W]
. T A 9
[ e e e e e e L - e 1g3- - 4
000°0 000*0 ¥00°0 ¥00°0 800°0 S20°0 6560 £0£°0 1 14 (414 )
-~ - 0000 - 000°0 0000 $00°0 400°0 2200 96640 vr9'o ¥ vs2 vsZ
000°0 000°0 900°0 000°0 £50°0 0v0°0 60 TEv°o 1 £62 £52
0000 — - 0000 €000 0000 900°0 L1040 9£6°0 orE" 0 1 zse zse o
0000 000°0 000°0 500°0 z00°0 2900 1540 £8¥°*0 1 152 15
—— 00— Q400 Q00— 310 41020 0000 060 — LB e OB —-0GF~ ~
w 000°0 000°0 000°0 £00°0 S00°0 ££0'0 916°0 £LV'0 1 &% 6vZ .
| e —.00020 0000 ---200'0 9000 400°0 0800 vE6'0 - OBE'O 1 ave eve Qo
| 000°0 000°0 £00°0 £00°0 600°0 £90°0 ¥26°0 16S°0 ¥ v e
. cie s 000°'0— - 000'0 - 000°0 200°9 200°0 £¥0°0 8L6°0 8¥5L'0 ¥ 9w v
¥ $00'0 £00°0 ¥10'0 9£0'0 52040 8SY°0 95240 959°0 ' ave SvZ o
_— 00020 0000 20040 — - —Z000-_— .- $000 2010 FUTRY W17 e V17 S
. v00°'0 £00°0 $20'0 820'0 z£0°'0 VLY 0 SEL°0 w9'o ¥ £Ye {24
Fv e el -ZTOO_ HE£0'0 . 9E0°0 Sv0'0 29040 Tieo z85°0 08%°0 t cee e o
- 200°0 £10°0 8v0°'0 020'0 8£0°0 £8%°0 £69°0 £¥E'0 v 111 e
S ~00020___000'0 . 000°'0 000°0 000°0 £00'0 L6600 4890 ! ove orz . 4
- 000°0 000°0 000°0 0000 000°0 ¥00' 0 966°0 eveo ¥ 134 &£E O
v
ﬁ n 24 L
ﬁ\ - b\‘“ & ”"k \" ) RIS O " b RSP lmnlu.xl.l P YRy ' F.L.EF' Sy yory 3 o Al 4 i .



e -y r—w —— ——y -y Po—— - v o 1111J‘..
- - a [ ] [ ] [ ] - ® i
O - - -
#10°'0 ££Q°'0 __ZRO'U .. L¥0'0 1%00 - L1E°0 165°0 L99:0
o I£.%0 ££0°0 §80°0 ¥eo'o 5£0°0 L4510 X4 AL} ¥59°0
‘ [ - - 2100 0¥0°'0 4E0°0 ££0°0 0L0°0 [4:484') 999°0 2090
600°0 810°0 <100 ¢eo0o 850°'0 8L1°0 0Lt 2090
o .F£0'0 . £I0°0 L2000 2200 ¥V0°0 81°0 ££9°0 LEL'O
000°0 TE0*0 [ X4 ¥e0°0 ¥¥0°0 ££2°0 LYY 0 6690
2000 £20°'0 9C020 .. _9EO00 .. E£¥00 . _ S8Y'0 4590 [ 24 A]
C v00°*0 Y100 §¢0°0 6£0°0 5£0°0 0LV o [ AYAKI] 459°0
. R _. k000 210°0 ¥co'o 9100 250°0 L8510 8EL'0 £69°'0
£00°0 900°0 830°0 400°0 LE0°'0 4¥1*0 484°0 450
Q200 . .. £k0°'O ?£0°0 %0°0 4£0°0 L61°0 4190 0L9°'0
L10°0 820°0 [ ZAV ] 1£0°0 %00 &L1°0 4490 %90
— 8100 kY00 ___E££0°'0 __OVO'O _____ZKO'O_ ... 0410 _849'0 L4290
\ 000°0 £00°0 800°0 800°0 £10°0 LeEY0 0£8°0 0XS%*0
120'0 ®20°0 L7900 2200 180°0 591°0 L95°0 £39°0
000°0 600°0 ce0o 600°0 QZ0°'0 y81°0 054°0 819°0
¥ 000°0 sS10°0 43100 &30°'0 92000 | ¥4 SF 1) 080 890
000°0 200°0 £00°0 L300 ¥zZ0°'o0 1S1°0 860 Lv9°'0
0100 200°0 2100 00 4500, __. 9¥1°0. -840 8c9°0
£00°'0 000°0 1200 820°0 1£0°0 8iv*o 86(°'0 £59°0
] - . 000°Q 200°0 100 0510°0 8500 58¢°0 [ 4 784 '] 1290
¥00°'0 8100 110°0 Zv0'Q 8c0'0 04%°0 BOL'O L99°0
§00°'0 . 4000 8200 ¥10°*0 9v0°0 (-3 8] 452°0 5990
L 000°0 000°0 000°'0 £00°0 ¥io‘o 9010 £48°0 g8y o
—— — 2000 ¥O0'0 . SCO0°'0 yIo*0 . . 8100 .. .. 921°0 5520 ¥99°0
¥00°'0 ¥00°0 410°0 S10°0 £50°0 0Ly 0 9£L°0 0890
¢ 800°0 y£0*0 £20'0 9E0°0 020°0 Z91°0 LYo 089°0
110°0 g00°0 5500 090°0 LE0*Q £80°0 ¥5L°'0 8LL°0
L00°Q Si0°0 R€0°0 £00°0 0£0°0 LEL'O 8220 ¥L900
¢ £26°0 4£0°0 1€0°0 LA M) ?¥0°0 ?2¥V°0 09L°0 yy3°0
- - — ££0°0 L6000 - — £8020 . 0200 K900 —— _FTL20- —3I99°0 ..-£69°'0
800°'0 2100 0g£0'0 150°0 £10°0 £60°0 684°0 ¥icz'0
C L1000 . ®80°0 4500 050°*0 24900 £481°0 425°'0 [ 2 A
6100 4100 6Y0°0 L50°0 Zro‘to 811°'0 92L°0 yrL°0
. C £10°0 . QE0'0 0Z0°*0 0¢0°*0 ££0°0 810 I4 744 818°0
’ S00°0 I¥0*'0 ?10°'0 I£0°'0 Z80°'0 860°0 95¢°0 L9L°0
. — 1100 LE£E0'0 _ _LE0'0 _  9Y0°0— . _¥FO'0... E£L£V'0 E8L10 - - eLLto
¥10°0 8200 ¥Lo’o 2000 820°0Q veuto 99L°0 8¢8°0
¢ . 200 . _0%0Q*0 [4 3] 0000 Zf£0°'0 €10 9££°0 8v¥8°'0
S00°'0 120°0 Ivo*'0 9200 Tvo*o 6¥1°0 81£°'0 ¥9L'0
L k1000 —-500°0 S00°'0 630°0 6300 600 [ 42° 2] 655°0
¢ 000°'0 2000 1100 €00°0 €000 6600 088°0 89v° 0
. 000°0Q Z00°0 80000 . FO0r0 . pEQ°Q  A80°0.. .__/BB'0 ... 84¥°'0._.
P 010°*0 9000 92¥0°'0 £70°'0 Zr0°0 9£3°0 LLLt o SE9°0
000°'0 4%0°0 0Z0°0 £20°0 £20°0 [ 4 8] ¥2L°0 1850
¥Z0°*0 8£0°0 9G0°0 5£0°0 8£0°'0 40Z°0 445°0Q £S9°0
< - Ix0°0 S20'0 100 feoo Iv0*0 %80 104°0 40L°0
000°0 0¥0*0 £30°0 ¥£0°'0 ¥Z0*'0 6210 820 re9°0
s e — — 800°a = ZXQ'Qg . __6X0l0 . 9I0:0. 190°0. . w80 . ___049°0 . _ Z0l'0_
3 £00°0 000°'0 0100 £00°'0 530°0 [ 2 2 8X"] 980 | £4°3 )
_ _o. .. 400°0 £E0°0 L(£0°'0 vro'o ¥v0°0 Zs81'0 £49°'0 [4 2 Ad¢)
0000 £00*0 1100 £30°0 ¥30°0 SE£T1°0 8280 F4 20
___ kE0°0 _ . LE0'O 9£0°0 8r0'0 6£0°'0 £51°0 ¥L9°'0 92650
bd 2100 9300 000 0c0°0 £50°0 991°0 £12°0 2020
——— 000°Q S10'0 . 2L0°'0__  S¥0'Q . _S¥0°'0 ___ 0S[°'0_ _  HIL'O .. 6420
e ¥00°'0 42£0°0 0E0°0 [ A M) 5£0°0 610 989°0 Z69°0
i e QT10°Q LEQ 0 £50°'0 0Y0°'0 LS00 YA %) ££49°0 (£2°'0
1 000°0 000°0 000°0 £I10'0 400°0 [ 29 1) reg8°0 6L 0
b, Y T oo )
;w [ 4 | ] ) i e e A P - A s mwa

BN N NI VOO NN N N NI CE NN NS N NN CV NV NN BN SN NV N NV N VN O BN BN N DN O N O

R A

COe O PN 0N N BN N

» ®
0
(o]

8s . 8s

(s s

95 9 o

s a5

vs v

£5 £ 0

zs zs . .

1< IS

05 o o

s &

8y 8

iy e 2

9 __ 9y

sy S

pré pure 2

£ £

z zy

v v )

o —— 0% _

o€ 6

8¢ 8t D

(s 5

9 9§

of s )

e — g

£ £f

4 e &8

ig £

of of .

YA 62 !

8 — . 82 —

oy VE

92 9z

sz <z

ve ve

£2 £2

e 2z -

1 12

0z 0z

&1 &1

8l 81

1 ln

gL .91

St i

vi vi W

£1 £1

z1 2t

" " W
— 0% —_ o1 .

6 6

8 8 J

¢ ¢

v 9

c < V)

|3 2

£ £

z : . 9

T T
cA¥Id4YL 1S]IT <{===

z4¥344v1 1517 N

e~ & 4




vy ——— —e———————y v ——Y Ty % i A Mt A \gl MRS aA N o MR MO T Al
* .

- - - - [ IO N - ) - - ) L - !

a o O

a a o

A 00010 20020 £00-20 0020 QIO0 — $L00 — D06 —— PGP T G G
o v00°0 £00°0 810°0 $¥0°0 220°0 0ZN 0 vig-0 $99°0 e s g
. e . 08020 - —_000'0 - . }10'0 000°0 L4000 (30°0 o820 L9V 0 Z 911 18
v00°0 000°0 ¥00°0 Z¥0°0 000°0 1680°0 006°0 L8940 z S11 ST
c e e 00020 — 90020 . - - 0000 €000 600°0 - ©90°'0 LV6°0 £66°0 P vit %3
000'0 £00°0 £00°0 90040 220°0 Zete0 ¥vg°0 £19°0 2 €1 £11
Q00L0— EOO10—— - B O — — 0040~ — —-BEOLO— —F60L0——— —BLBO——LIS0— - B ¥ ——
. 000°0 $00°0 200°0 £00°0 010°0 TEV0 S¥8°0 105°0 z 134 23]
S L L 000'0—  &00'0 $00°'0 2000 210°9 &e110 958°0 S05°0 e oy ot
0000 000°0 900°0 9000 920°0 ¥80°0 44840 2z9°0 ¢ 501 601
el 00020 — - £10% 8000 0100 620°0 TEV0 60810 L8560 z 80t got
000°0 £00°0 9000 9000 0z0°0 v40°'0 2¢8°0 9¢5°0 z 01 01
- 00— ROV YT 0 — 38020 —BB0W— OB — PR O — — - R 9OF——
000°0 £00'0 900°0 $00°0 S10°0 IS 4EX) £58°0 565°0 FA 501 501
e £00%0—_§00'0 v50°0 v10°0 £00°0 £01°0 éva'o 8c6'0 z vol vol
000°0 600°0 600°0 $00°0 L8009 L1800 62640 £65°0 Z £0V £01
e _0000—— 0000 -£00°%0 ¥10°0 £10°0 960°0 ¥28°0 19610 ez zot z0%
000°0 000°0 900°0 6000 0Z0°0 101°0 $98°0 185°0 Z T3] 101
00040, 200-20. 90090 - — V1020 - FI020 . OT20 — - ZYBL0. — LB —E — —— OO ——— 00F——
000°0 £00°0 900°0 900°0 1500 9210 6v8'0 995°0 ¢ &6 &6
e 000020040 Z00%0 £00°0 0100 £60°0 £68°0 vise0 Z 8s 86
¥00'0 ¥00°0 ?10°0 120°0 120°0 0£Y°0 908°0 855°0 F l6 L6
. 0000 _ _900°0 - .. ¥10%0 ¥10°0 +£0°0 801°0 L2900 2Lst0 ez v 96
000°0 £00°0 0000 $00°0 9700 zZri'o ¥90°0 9¥5°0 z s6 Sé
— 000 2000 4000 0300 — GO0 £40°0 - £4820 — OGO - T . ———
£00°0 000°0 0000 000°0 500°0 ¥20°0 1260 6£6°0 2z £6 £6
L e 00020 - 0F0°0 - - 220°'0 62040 620°0 8E1°0 2L o £29°0 P 26 6
900°0 210°0 12040 6009 830°0 980 8040 1650 z 18 14
. —00020- —_RO0%0 _ . 2Z0'0 910°0 8£0%0 Zr1'o 608°0 §19°0 e 06 06
C 000°0 £00°0 200°0 020°0 £20°0 ) 28640 ££9°0 z &8 48
——————— 00— GO0 ——— £0020-—— 90008000 §40°0-- 86810 — 46620 - -3— - -88 88-—-
000°0 610°0 9210°0 600°0 22040 $91°0 69240 819°0 z 8 (8
¢ —— 0000 £00'0- . - 4020 - 0F0%0 2200 ¥E¥0 *18°0 £2V°0 z 98 98
000°0 900°0 210°0 120°0 vZo'o S21°0 Tig*o v09°0 Z <8 s8
- i 0002000020 — — ¥E0'0 - - 6000 0200 .- £01°0 £68'0 v£5°0 z v8 ve
& 000° 610°0 220°0 210°0 2200 8s1°0 £92°0 190 z £8 €8
——————— M 0000 GO0 — GO0 LU0 GHO'O- - —$6810— —PPPO— - T — ——— Z8 - 20—
000°0 £10°0 910°0 £50°0 8£0°0 $51°0 L9270 190 P 18 18
< 0000 000'0— - -000'0. 80020 - 800°0 . _ 201'0 26640 L26°0 z 08 o8
000°0 000°0 £50%0 010°0 0200 teeo 2£8°0 £E9°0 z & &L
< e £0010——— —£00'0- - — PI0'0- 91029 6E0°0 - - &¥¥°0 £2£°0 82910 P 8¢ 8L
900°0 210°0 410°0 S10°0 9£0°'0 8810 S6200 v65°0 P L &L
————— O O G0 SO LBO IO - —£EB0 — KBS0 - - Y L —
e 000°0 000°0 000°0 000°0 000°0 000°0 000°0 000°0 z s¢ 5
000 4000~ FF0%0 6100 9200 601°0 v28'0 490 z ve ve
000°0 £00°0 £Y0°0 010°0 £20°0 4£5°0 £08°0 w9 o z £¢ £
P Y. VY S 7' 17 220°0 220°0 vro'0 8610 6590 0L9%0 F ¢ ¢
£00°0 £20°0 090°0 v£0*0 r0*0 891°0 199°0 or9°0 2 193 ¥
£00-0 63020 CHOt0—— BE0L0 — LEOL0— THYQ_ . 0TL20 B9 - - 0L el QL -
600°0 ¥10%0 810°0 £20°0 L£0°0 V100 280 9£L°0 2 &9 &9
o 90020 £300 .. 92010 £20°0 ¥£0°0 S 99% 0 Y0 L2940 P 89 89
SZ0°0 2e0*9 $60°0 620°0 590'0 6810 819°0 £99°0 z 9 L9
e 000°0.— - _000°0 910°0 910%0 8500 0LV 0 008 ° 0 92240 A 99 99
® 000°0 Z90°0 tE£00 1£0°0 000°0 v60°0 182°0 8v9°0 Z s9 s9
— 800°0  4¥0'0  4¥0*0 - BEO'O- - 0G00__ &¥T0- _ __02L°0 8890 z. Y e
610°0 S10°0 L£0°0 610°0 Iv0°0 SYN*0 S6L°0 $£9°0 z £9 £9
@ e _610%0-___SI0'0. .  lE0°0 ££0°0 8v0°0 ¥LT'0 ¥L9°0 v29°0 z z9 z9
920°0 090°0 920°0 9200 2000 6610 21940 zL9°0 F 19 19
. . S20'0 . GCO'0. 900 $20°0 9L0°0 8vi‘o vy o 1120 4 oy 09
< $10°0 9200 4£0°0 £20°0 020°0 £91°0 L1200 9850 z &% as
-

(&

c.



~

- .

e & & 6 &6 &6 & ~

’ - [ » [ ] [ ) [ [ I [ ] . '
o)
0000 00000 0000 0000 .--800°0 ... HZO'O0 ... 8960 .. _8£L°'0 . T e Ol — - BLY
0000 ¥00°0 000°0 ¥00°0 ¥00°0 <800 £06°0 £¢9°0 14 [74 /24
. et i == - —— 00020 £00°0 ®¥00°0 L4000 ¥i0°'0 6£0°0 0£6°0 L89°0 < 9L 9LT 2
£00°'0 £00°0 £00°0 4000 £00°0 00 ?468°0 o¥?°0 < St SLY
. - —_ Q000 000°0Q ?200°0 010°0 0i0°0 8500 2160 890 Z. [ 74} [ 234 s
000°0 000°0 ¥00°0 0000 %10°0 cL0'0 606°0 4 ) t4 | A § £L 3
000°0Q 0000 - 00020 00020 . J¥00_ . #8000 —  $¥E 0 — QLLWO. T LY LY
000°'0 000°0 S00°0 8100 £€0°'0 0031°0 vs8°0 I£l0 [4 |74 | 74§
— et it e e 00000 ¥00°'0 €Z0'0 £00°0 620°0 8800 4¥8:0 190 Z 0Ll oLl g
000°0 000°0 800°*0 8000 100 960°0 9L8°0 6690 Z 491 697
e e — . 000*'0 __ 0000 0000 £00°0 £00°'0 Z80°0 I¥6°0 L 23 A1) Z 891 891 )
000°0 000°0 £10°0 600°0 600°'0 040°0 od8° 0 [ AYAX!] Z L9y 9% J
000°'0 0000 20020, — #0000 — ___000°0 890°0 0260 099°0 Z 99y .99
000°0 £€0°'0 g20°0 800 8200 S<¥°0 SLL°0 96L°0 Z a97 591
- — - e =-000°0 - _000°0 0000 £10°0 L0210 .. S03°'0 SL8'0 9180 Z ¥l (421 3
000°0 000°0 000°0 ¥50°0 £¢0°'0 &¥1°'0 9180 &684°0 4 £9y £91
D e it e e e 00000 . . 0000 0000 0000 #¥0°0 . 6k¥'0 . 8£8:0 880 < Z91 91t .
000°'0 900°0 000°'0 000°0 9E0* 0 SE¥°0 ££8°0 8820 4 19y 91 )
0000 0000 000°'0. _._000°'Q 0000 LQ0 2940 94460 Z 09§ . 02T —
000°'0 0000 000°0 000°0 000°0 £E0°0 LL46°0 £98°0 4 65%Y 651
———iee Q000 . ._000°'0 [ AL RY] 0000 4200 - LEX°0 [4A- 341 . ££8°0 t4 851 881 J
0000 000°0 0000 0000 000°0 Z10°0 886°0 z08°‘0 < L51 (ST
e o ee— .- 000°'0Q Qu0°0 0000 0000 0000 _ 660°0 _  X04'0 - _E06°0 Z 5y 981
0000 810°0 LE0°0 0000 810°0 <10 £78°0 £98°0 4 SS1 551 J
0000 040020 0000 . . Q000 0000 #$0°0  994°'0  pAH°0. r4 -8t | 19 ¢
0000 0000 000°0 000°0 000°0 £10°0 (860 806°0 [4 €671 £ST
— e - 0000 .. _000°0 000°0 0000 0000 . . #5000 . .. . 9¥6:0. 488°0 4 st &8t o
000°0 000°0 000°0 £10°0 000°0 £0Y°0 sH8'0 (- YA r4 ISt st %
- - . 0000 ____000°'0 ... 000°0 0000 400°0 __ ZS0°0 __ O¥6:0. . 098°'Q < - 051 134
000°0 000°0 0000 000°0 ¥00°0 0o 4vé6°0 c69°0 [4 (1A 61 -
o 00040 Q0000 000°0Q . Q000 Q000 . ab® s8°0 i -1 S -1°S SN
000°0 000°0 9£0°0 810°0 9£0°0 scr'o 984°0 ¥98°0 < (44} F4 41 .
i 00000 0000 . 0000 000°'0 . 0000 . ____ 000 . __04A:0__ . 8FH'Q <. 11 J S [4 4¢ -
000°0 0000 0000 000°'0 000°0 Sv0°0 £66°'0 LSL°0 < svi [ A
- - -000:0 . __800°'0 .. 8Z0'0 2100 .. &10°'0 _ __ S60°0 __. . 2¥B'0_ __ . ¥692°'0 Z. (4 3¢ (4 4 O
¥00°0 000°0 800°0 v00°0 ¥00°'0 601°0Q 148°0 0690 < 1S A £Vl -
S 000°0 000'0 0000 . 0000 0000 L£0°0 £94'0 2£8°0 2z e el
000°'0 ¢00°'0 800°'0 0000 8000 | 4 O] £98°0 L¥8°0 b4 iv: 1449
e e 000G . _400°'0 _ . ¥Y0'O FI0'0  _ __RYI0'0 . . S900____ ¥8B'0 . . SEL'0 < ort _ orl v
000°0 000°0 000'0 000°'0 000°0 910°0 v86°0 ¥Zé°0 4 6€1 6ET
e e s e -Q000 . K300 . 900°'0 1100 200°0 - ..___640:0 £98°'0 1820 [4 8Ll - 8fl .
000°0 ?230°0 L2000 000°0 ££0°0 T&1°0 c08'0 084°0 [4 A4 LET ..
0000 _ 000 Q —93020. . 00020 .. __2¥00 _____X£X°0 __ _ _9Ff8'0.____Zu8:0 " £°J 8 4 ———eLr
¥00°'0 900°0 c10°0 ¥00°0 200°0 8vo0°0 QCé'0 £4£°0 k4 SEl SEt .
£00'0.. _000°0 6000 £00°'0 8[0°0 _..¥£0°0 9£46°0 %090 4 vel ¥ET g
000°0 ¥00°'0 1500 000°0 0000 vo'o £¥6°'0 0890 14 ££7 £€T
. - . 00020 . .. 0000 7 8100 S¥0%0 . 8300 . LEXN 0 828°0 - 16L4°0.. 14 49 4 ) QU
ST10°0 £E0°0 &e0°0 5100 6E0°0 ?¥1°0 0820 eL10 4 [$4 4 el J
.- £00°0 _/00°'0 0100 LEntQ ¥20°'0_ _ __$2Y°Q Q08°0 0r9°Q ra 0fx ofl
000°0 000°'0 £00°'0 0r0°0 ¥10°0 STNo 088°0 yv9°0 4 421 &1
0000 . _000°0 . 000 ~ YE0°0 1200, _ SZK:0 _.._9c8°'0 ... £S9°'0 < 81 [: T J
000°0 200°0 &610°0 s10°0 £L£0°0 6110 v08°0 69v°0 < (24 ¢ 24
e e QOO _RO0°O 1500 S10°0 8E£0'0 .. RLTO . S840 B TA A ] 4 9L L T4
000°0 000°'0 800°0 ¥00°'0 1500 &er'o 9580 890 [4 Szt SCY <
0000 £10°0 1109 _ _xzo'a w00 0 AXY'O X YH°O 0990 A Y 7.4 CEN 74 S,
0000 600°'0 $00°0 <100 £¥0°0 ?60°0 0£8°0 209°0 < £Z1 £t
e e 0000 000°'0 . 9£0°'0 Y100 ¥to0°0 BEL'O . _Z6<4°0 L9920 Z [44 ezt J
000*0 000°0 000°'0 000°0 5¥0°'0 960°0 8688°0 ve9°0 4 1 T4 1zt
e Q000 £00°'0 . 000°'0. £00°'0 . L0000 k400 ¥8°0Q. L8580 4 ozt 0cY
£00°0 600°0 ve0o £00°0 9Z0°0 vIiveo g£(8°'0 v(5°Q < &1t [333 -
0 s P e i I I U W




L

C-doo

O RN

e a

%

LR L A xS A Age SEL A 4

T T

00020 L0920 $000- — %0020 - —— G000 - -—0E020 - - £P6Q-- - - KOLIOG-—-- &

000°0 600°0 9E0°0 [44i A4 ] y¥0°'0 861°0 00L°0 £€C°0 [4

- - - - 40020 — - - L0000 - 0£0°'0 1100 6¥0°0 -1 8y L82°0 €Ly <

£00°0 900°0 0L0'0 Y100 8¢0°0 CEV*O 1080 8950 [4

00020 -- — 60020 - - &£¥0°0 9E0*0 ¢E00 4510 9400 2860 b4

0000 110°0 1100 £00°0 [4 4 Y] {119 B 9LL°0 ¥95°0 4

e ——— —_——— 00— 00— —£0020 - —- 50010~ —PIOLO—— 6P YO - £EB1'0 - —- bSO ¢
£00°'0 150°0 {300 8c0°'0 0£0°0 LLnto [ 4 Y] £95°0 [4

- - - £009 £000 £00°0 £00°0 v10t0 LA ) 1180 L9500 4

000'0 Q00°0 rf0*o0 110°0 L1000 580 Y080 vi500 [4

— - - #8020 - 990°'0 4800 4v0°0 990°0 [A AR €560 LeLo Z

000°0 0000 ?10°0 9100 ££0°0 IET*0 £08°0 899°'0 [4

00010 00020 CEVOL)- RO —— £EO—— - LGV LEL20- — K90 - &

£00°0 £00°'0 £00°0 0£0°0 L80°0 [4 254 ) £LL°0 459°0 4

- - 000:0 S10°0 620°0 4200 ovo'o [ 438X (2] 699°0 Z

000°0 £00°0 9100 £10°0 ££0°0 §Z1°0 1180 6Z9°0 [4

S e - — --00020——-000%0 0000 £30°0 800°0 4600 9L8°0 ¥S8°o0 Z

000°0 000°0 000°0 010'0 S00°0 820°0 80460 vl 0 <

—_ 0004 00020 -0000— ——0000— —-000'0———- LIV0—— —£EB'O 908°0 - <
000°'0 0000 000°0 000°0 000°0 950°0 yré'o (42 M) 4

- S - 00000 0000 000°0 0000 000°0 000°0 000°0 000°0 [4

000°'0 ¥00'0 8000 ¢10°0 Z10°9 80°0 988°0 169°0 z

- 0000 000°0 000°0 000°9 000°'0 000°0 000°1Y S99°0 Z

000°0 000°0 000°0 000°0 000°0 ¥00°0 966°0 c69°0 14

- — 00040 00020 -000:0 — —000*0 - 0000 0000 -- Q00°%Y —6b910 L4
000°0 0000 Q000 000°0 000°0 000°'0 000°tY ¢sL0 z

- - -000:0--- - 9000 0000 0000 0000 900°0 ¥66°'0 665°0 [4

000°0 000°0 000°0 0000 000°0 9100 v846°0 C69°0 Z

- — -- Q000 ———--QQ0% 0000 0009 $00'0 $000 164°0 £vL°0 [

000°0 000°0 000°0 000°0 000°0 $00°0 $66°0 LSL°0 [4

—_—— 00010900 —— 0000000 ——— TR —— V01— L6620 --¥9E0 — &
000°0 000°0 000°0 £00°0 9000 vg0°0 986°0 Lee o [4

e - o 00020 9000 - 000°0 0000 0000 4000 ¥66°0 9450 [4

£00°0 ¥20°'0 6200 0o¥0°0 yv0°o0 &81°0 899°0 LEE°'0 14

000:0- - — 00020 - - &00°*0 00010 8000 -420°0 £96%0 18£°0 [4

000°0 0100 9200 0eo*o vg0°0 9LY°0 £££4°0 £0£°'0 14
e ———eeeeeeeeo e 00060020 —— 4000 O0—  — LU LO—— T 0~ 6P 0 — &
000°0 000°0 000°0 000°0 000°0 000°0 Q000 000°0 <

s s e e e m e - 00020 - —— 0000 — - Q000 - - 000°0- 8000 £10°0 £L6°0 1v8°0 [4

000°0 0000 000°0 £00°0 £00°0 ¥50°0 iv6°0 156°0 [4

- - e 0000 —— 0000 - - £00°Q - 9000 800'0 $990°0 ¥ié6°'0 ¢8S§'0 [4

000°0 000°0 000°0 000°0 000°0 Z£0°'0 896°0 140 Z

———— 0001000020 ——00020———00020 - 00— £5020-—— PP6:0 - --E805°0- <
0000 000°0 000°0 000°0 6000 ¥60°0 968°0 L8y 0 4

- 000:0 - 0000 000°0 ¥00°'0 000°0 v¥0°'0 €86°0 6990 [4

000°0 £00°'0 150°0 £10°0 800°0 oct°o Sv8°0 TES*O 4

000:0--- 5000 tvoYo S00°0 LE0°0 [42 K] 2% R4 ¥Et0 Z

' 000°0 000 000°0 000°0 0000 £10°0 L846°0 9640 <
r—_—— e 0000 ——— 00000000 —— V00— — (30—l —— 58— 2
000°0 000°0 0009 000°0 000°0 6200 460 r99°0 [4

e e — 000200000 -— 0000 ®00°0 200°0 - 8800 ivé°0 ¥9°0 4

000°0 000°0 000°0 000°0 ¥00°'0 ££0°0 096°0 Q10 4

- e e 0000 — . 00020 . - 000°0 $00°0 £00°0 £10°0 £L6°0 090 <

000°0 000°0 000°0 £00°0 000°0 LE0°0 0L6°0 $6S°'0 4

000°0 0000 ¥00.20— . ¥000— __ X100 810°0- ®%4'0 — 990 2

¥00°0 000°0 ¥00°0 ¥00°0 ¥00°0 180°0 §06°0 989°0 Z

e ——— 00020 __ . 000°0 000°0 0000 000°¢ S£0'0 £96°0 165°0 4

Q00°0 000°¢ QU0°*Q 0000 ¥00°0Q tv0'0 $56°0 2040 [4

- 00020 000°0 000°0 000°0 000°'0 620°0 1L6°0 184°0 4

000°0 ¥00°'0 000°0 000°0 ¥00°0 6400 vég o [ ) 4

(A e anas o

Y

oy

— — 8t -HEE—
(4% [444
vEC vEe
134 SEZ
vEC vEZ
££T ££C
Z€8 - Z€E— —
[ § 24 1£2
[+ 134 (1344
(Y14 6zz
8ze 8ze
Lee Lee
922 - 933
SZe P44
vee vZe
€22 j X244
(244 eee
| £44 1ze
[ 224 ~QZ&
612 61
81c g1z
(4 ¢4 az
9?1z v1z
sie [ 4
vig iz -
€1 £1Z
'4 £ [ %4
| 3 14 13 ¥4
0le (] ¥4
602 602

-—80&——- —— 802 --
20¢ 02
902 y02
S0& soc
({4 [ £
£02 £0Z

— —&0% — -—- -EO0&-——-
102 1 {24
00¢ o0&
&61 861
861 841
L61 L81

- 963 - 96T - -
S61 S6t
(£-3 vl
£617 | -1
(2.1 Z61
161 ¥4t

—h Y ——- — 06— -
681 1:3
a8y a8t
481 81
98¢ vet
S8t set
v81 —~ 83—
£81 £01
[4: 14 8t
32} 181
08y o8l
YA} &1

261

~

~

r,

.

~

.

.~




~ o & A& n

~

e ¢ o » o

-

B e BEEML o anen Lcange 2 caceachs SEEER ADECCEY gind a4 . ey — L  ~r s v D e net ol CHERE TSI S S .- - - - y # M
- - - T - - a . - e " [ W :
. e |
{
)
o
O
e — ~
—_ —— — e - - 2103
000°0 £10°0 0000 92100 0100 9¥1°0 S18°0 8290 Z 114 414
. .. k000 - 000°'0 9500 4800°'0 ¢t10'0 <rr'o 14 M) ot90 4 [ 214 | 274
£00'0 2000 800'0 9000 ££0°0 £60°'0 L¥8°0 L5 0 t4 £82 £52
.-.0000 . -£00:0 0do'0 0000 000°0 0010 L68°0 6450 < F4-14 f4-14
000°0 000°0 0000 1100 0&o0*Q F4 4 O] L840 6459 < 1 £-14 1$-14
000°0 8000 = _IYQl0__ _ ¥i0Q . L2800 ___ __wZY'O_.__AXB'O0_ . _09%'0._. 2. .. __ 0SC . _ [V 1+
0000 £00°0 0000 £00°*0 £10°0 6110 £98°0 4 2341} '4 &0 (124
e - .. 000'0  S00°'0 5000 £00'0 5¢0°'0 . 540°0 _498°0 6150 Z are 8¥e
900°0 1500 900°'0 800°0 L3000 4£1°0 4 ive
. ...000°'0 .-000°'0 000'0 0500 £40°'0 < "we
000°0 £10°'0 4100 900°0 9E0°'0 9810 ' [N 24
0000 0000 00Q:0 . 600°Q._. .. 20Q0°'0 _ 9010 __ __ &LB°Q_ . . .. PR AU | 7 | -
£00°'0 ¥10°'0 [\ rAVARY) L3100 0£0*0V F4A'A N < | T4
; .. 2000____AT0'0 46¢0'0 ££0°'0 1£0°'0 <310 Z 4 74
0000 000°'0 ¥00°'0 8c0'0 T0V°'0 < |4 24
_ i 000°0 _ 0000 000°0 ¥00°0 SY0'0 4 ove
000°0 000'0 Ziv*0 100 o¥0'0 4 (.14
R & »} ‘e . iisaaal b




—_— 0 30— BBOI L0 BLO——EPI Ol —— FEP9—— @G gg .

£00°0 §10°0 ££0°0 avo o $£0*0 910 0£L*0 6150 £ 5 s p
e ———— 2300~ G0 O £20'0 £30%0 Sv0°*0 £8¥%0 6140 €040 £ 95 s - C _
000°0  ¥00°0 810°0 ££0°0 L£0°0 v L840 1940 £ 5s sS _
— e - 80680 Y¥0'0_  ZZO'0 - 200 0£0%0 Z91'0 zvLt0 9860 £ v v - <
010°0 Iv0*0 LE0°0 ¥20°0 z90°0 ori'o 66940 L9900 £ £5 £s « )
RV VOV S VT YV S P Y S 17 T St 7 S 7YY SS——TTy 7 SU— Y TP S—— 35 =7
200°0 010'0 v10°0 ¥20°'0 ¥20°0 8E1°0 582°0 15940 £ 1s 15 :
e 8200 *20%0 ££0°0 v£0°0 9¥0°0 L4800 L5910 £09°'0 £ 0s os J .
000°0 600°0 £00°0 2200 1£0°0 SET°0 664°0 vL9°0 £ &0 6v |
e e €000 ..—.—-900%0 - ¥20°0 010°0 620°0 v81°0 veLt0 vz9°o £ 8 ae .
000°'0 £00°0 810°0 810°0 Lvoro £51°0 55£°0 8990 £ iy iy J .
0000 42020 18020 —— —BY020 - - 4900 LT Ll 48920 & 2k T ‘
£00°0 ¥10°0 910°0 £20*0 4£0°0 AR £64°0 0950 £ Sv sv Ny
e e _EQ0'0————£00°'0 920°0 0100 £r0:0 £41°0 vELO 1590 £ % ve d .
¥00°0 £20°0 920°0 zzo*o 9200 611°0 18£°0 SL9°'0 £ £ £ i
4100 %800 - 0%0%0 $20°0 SE0'0 0E¥’ 0 069°0 81910 £ zv zv .
v00°'0 £00°0 8100 120°0 £50°0 0110 L840 4590 £ 10 117 J _
——— e 00000 (0N P3O 0040~ ——BTOLY— —45F20 —THE 0 ——FLHO—— —Fo e Op— O — !
S10°0 110°0 9200 0£0°0 6100 961°0 weo vL940 £ &g &£ . m
e e #10%0 Y00 - ££0°0 zzo'o 9£0%0 0z1'0 19L00 99910 £ et et . !
£00°0 4200 ¥v0*'0 9200 6200 v1°0 812°0 0290 £ ix e
e 00020 %000 . ¥E0'0 800°0 0500 v81°0 02L°0 £¥9°0 £ 9F 9£
0000 1%0°0 120°0 6200 6200 8230 2840 S¥5°0 £ g (13
R 40020 25020 93009 —— 4000 —ZE00—— OET:0- —— RLL10— LU £ +£ e
¥00°'0 8000 8200 v20°'0 9£0°0 9110 YeL 0 86940 £ £€ £ o
el L2200 92010 ££0°0 S10'0 S40'0 9210 62410 €Lv*0 £ zg T o
0v0°0 0200 0900 0200 $£0°'0 040°0 9£2°0 L8400 £ 113 1T .
8200 —— 4600 - @Z00 ¥10°0 £§0°0 - #1110 0140 L8240 £ or ot :
£20°0 £20°'0 £20°0 6000 8200 9110 4LL00 ovLo £ 6z 62
e 300 4200 MO PO EPOO—— L0500 - LY 00— 08620 — -f—— as 88—
910°0 1£0°0 0200 6£0°0 £v0%0 92140 vzLt0 £49°0 £ Lz e
e e 01000300 - --010%0 1200 2600 LL30 4140 2690 £ T 114
500°0 120'0 9zo'o0 £20'0 9200 SLT1°0 szL'0 0£6°0 £ sz ¥4
- e G000 9300 —— - $EOO 9200 - £¥0'0 1910 0%4'0 Zvs90 £ %1 vz
£00°0 91040 8200 0£0°0 290°0 ££1°0 ve9°0 9L¥°0 £ £2 £2
- 40010 G010 £F010——BEHO - — 9020 ————£G Q- ———BELLY — HLPIO- — § — ~— BE —— - — — B
£00°'0 020°0 L300 620°0 920°0 £51°0 162°0 2860 £ 1z 12
S 7. T S 1Y S—— P L 4x0°0 6£0°0 SE65°0 8¥9°0 9z o £ oz oz .
£00°0 vz0'0 2£0%0 0£0°0 0v0*0 zZLrto 869°0 0850 £ &% 61
C e e 20004000 - £00°0 £1020 £10°0 - - 960°0 65810 45¢°0 £ et 81 .
000°0 ze0°o £10°0 820°0 Lv0'o £81'0 20440 vi9°0 £ o Lt
e OO £000—— OO LIO0— 23020 P00 - —RERO— — LOP'O— ~ £ - - — 9T —— R
800°0 5100 6£0°0 S£0°0 9v0°0 zZ91°0 $69°0 989°0 £ st st _
e $00'0— -—-520'0 - ££0%0 ££0°0 ££0°0 - 9¥¥'0 veLo ¥¥L00 £ vi vi -
. 810°0 $10°0 520°0 2200 9£0°0 Z110 2Lt 9940 £ £t £1
e e — 4RO - 8200 0200 LE00 ¥£0°0 S8T0 v1L°0 ovvo £ ezt 1 |
000°0 £20°0 ¥Y0°0 8200 820°0 94140 1£L°0 68270 £ " 13 .
—_ 40020 ££010 L¥0L0—— LT00 - ELOO— L0 — —LBR0- _6L80- - — OFoe—e e OF —- ]
0000 £00°0 L300 Ziv'o 8200 o $08'0 9950 £ 6 6 1
e 40020 #3100 . 8100 8200 4£0'0 . 1Z1°0 2Ll 0990 £ 8 8 = ;
000°0 6000 $10'0 £20°0 8200 v0Z'o 6140 6090 £ Y Vi
1300 . .. ¥10°0 $20°0 ¥10°0 8200 vE1°0 SLL00 890 £ 9 9
600°0 ¥20°0 9£0°0 8100 090°0 L5140 $49°0 0090 £ S S ~
20020  900°0 4300 . ZTO0-__ _B£020—.. &LZI0 . ¥H8L°0 - _¥19°0. . ¢ S T
¥00°0 y00°0 zz0'o 920°0 0£0°'0 651°0 9840 ££9°0 £ £ £ ]
e £00:0 _ __ 0100 4100 4100 620°0 £LE0 {8240 029°0 € z z "]
000°0 000°0 £00°0 810°0 5000 101°0 zL8'0 L8200 £ ¥ 1
—— e e - . £4¥344YL 1817 <max
£443d44v1 1SIT L
” y
e« BB
s, dad 'y i b A e e Py e, Y M




v— W hd Y " ¥ v - Y v ™ \ A 4 TTRY 8T T ‘ 1
_ ]
- 200-0 £L0:0 4100 - EVQ0 .~ _k¥0Q. ___ (800 __ . 608:0. ... £390 -...& . . __..81). -0 —BIT —-
- £00°0 0100 cv0o 850°0 80°0 a1io L9L°0 8¥9°0 £ L1y L1
* - - - - S00:0 8000 £10°'0 S00°0 £10°0 S01°0 0580 150 £ 9%y 91
000°0 0c0°0 £00°0 0100 0£0°0 £60°0 rve'o 5£9°0 £ a1y St
. 8000 £00°0 £10°'0 ¥eo'o £10°0 6110 ce8o res £ (2% L AN
~ £00°0 £00°0 610°0 £10°0 6200 ¥oy'o 840°0 ¥Z9'o £ £11 £17
—_— 000:0. £3020 —.. 91020 - SI000 . 61020 4L G S90S TV — -
£00°0 £iv'o 4£0°0 £20°0 Sv0'0 9¥i0 X0 8c9°0 £ (28 e
- — —_—- . — -£00°'0 -600°0 £10'0 900°0 ®¥0°0 8910 9500 819°0 £ oLl [ 291
000°'Q ¥00°0 GE0°Q L30°90 Yoo £51'0 1840 1020 £ 601 601
- —— -£00:0 . £10°0 8£0°0 ¥10%0 4100 .- 8910 - -E¥L0 . L¥9'0 £ 80¥ 801
£00°0 £00°'0 €100 s10°0Q LEQ°Q $60°'0 yig* 909°0 £ L0% Lot
—1310:0 21020 £60'0 . SZ0'0. . JZO: Lt se0 ¢ 90l 90T
800°0 000°0 110°0 4100 ¥L£0'0 6600 6c8°'0 189°0 £ S01 S0t
- .- . --000°'0 -£000 250°0 8200 €00 _  9Zi0 864°0 £09°0 £ [ {23 (12
£10°0 £10'0 £coo 900°0 6200 910 ¢8Lt0 £29°0 £ £01 L0t
B - S k000 .. __1¥0°0 800°0 110°0 4100 . £R1:0 . £62°0 4890 £ [12¢ 2ol
¥00°0 ¥00°0 110°0 S£0°0 S£0°'0 ‘1 A BV ¥9L00 y59°0 £ 10y 101
— — —%00°0  XX0*0  ¥¥0'0. .. 000 _.SZO'0  y¥I°0 _ A42°0 . _&/9°p £ . 00F. ... 001 —
000°0 910°'0 €evto 910°0 620°'0 v6r1°'0 £CL00 0zZv*o £ 66 &6
e . Q000 - 200°0 L&0t0 2100 ¥20'0 .. . CeL‘O L8L°0 ¥09°0 £ 86 8é
800°0 S$10°0 6¥0°0 S10'0 200 Lo 88s°0 L65°0 £ 6 b
- - . .- Q000 000°0 Z100 si0'0 2800 . ERlc0 &L Q $465°0Q € 96 %6
000°0 £00°0 £00°0 900°0 8C0°'0 Sr10 vig o L3900 £ 56 %6
£00°0 4000 8200 . SI0'0. LS00 [ EX £8°0 090 [ %é 26
000°'0 0100 ¥10°0 £00°0 8£0°0 £C1°0 [4 1 MY 9090 £ £é £6
- —-—.810'0 800°'0 $10°0 £20°'0 LEO'0. .. 8¥Y0 .. T&L0 982°0 £ - &é Zé
000°0 0300 0¢0°0 2100 L8200 £¥3°0 £84°0 L89°0 £ 16 1é
—— k000 110°0 £00°'0 £00°0 €C00 . ISYI*0 ... . 66L°0- LS990 £ 0é 06
¢ £00°0 000 £00°0 ¥i0°0 0¥0°'0 0Ly 0 6c8°0 990 £ é8 68
- . 000°0 - 800°0 ___ S00°0.. 9100 2Y0°0 __S¥YX:0 __ Qk8°'Q 8£5°0 £ 88 88.
000°0 £00°0 £00°0 0£0°Q ¥Zo‘qQ SEL0 1080 iv¥9°0 £ L8 (8
i e — 00020 VY00 1500 1100 -620°0 . FZYL°0.... SI8*Y £L99:0 £ . - o8 . %8
£00°0 £00°0 0E0*0 ££0°0 L2090 8910 Lo Te¥°0 £ S8 8
- 0000 . . $00°0 8100 1zo 100 . .SE1'0 ®08:0 20920 £ v8 ve
L ¥00°0 810°0 134" MY SC0'0 810°0 €10 6LL°0 [99°0 £ £8 £8
B £00°0Q 2100 .. 020°0 . 0£00 000 _ZTY0  _ 4LL°0- £I2'0 < 8 28—
£00°0 £e0'o 0£0°0 £e0'o 100 810 0640 ££9°0 £ I8 18
L R — ] B £00°0 . 8000 2500 &200 . .0CI0. 1z8'0 L¥S00 £ 08 o8
¥00°'0 £00°0 vio*o ¥00°0 4£0°0 1o ¥ég*o &v9°0 3 &L .74
e - -..810%0 YEQ‘Q Sk0°0Q {800 W'Y ~E80°0 09.°0 8L2°0 £ 8L 8L
8 9100 0Zo°o 6E0°'0 £50°0 S¥0°0 091°0 9490 S0L°0 £ (44 LL
- I 000.:0 4500 -0L0°0 .. _§££020 . _0£020 _ ZLV'0 . _ZRLQ . TLR0_ x> -2 €
000°0 0000 000°0 000°'0 0000 000°0 0000 000°0 £ S¢ 174
d 000°0 020°0 £€0°0 $¢0°'0 0x0°0 881°0 £¥L°0 98L°0 £ v L X4
800°'0 910°0 ivo'o0 0¢0°'0 5%0°0 ¥91°0 50L°0 SUL0 £ £L ££
£00:0 ££0°0 6£0°'0 ¥t Zvo'o g&yo 9£L°0 €65°0 £ <L L4
b ?10°'0 £r0°0 £v0'o 410°0 £v0°0 ¢gro 959°0 8ylto £ | ¥4 | ¥4
RS 110:0 ££0°Q 8010, 900 __£820°0. . ¥kLQ . .. B39:0  _ _VWLL0.._ € _ 0L ... .04
2100 (E0°0 (AL Y] £v0°0 {£0'0O 4910 4890 908°0 £ (34 69
SR — | T+ 2« B X A ££0°0 - 8200 T4 R R4S 8 ] [4 2N £¥L°0 £ :34 :34
£10°0 £10°0 Zgoo &e0o 2v0°0 [4 3 28 T€L°0 (A S Ly L9
[ 2000 900°0Q 9200°0 0x0°0 0£0°0 8r1°0 GLL00 96L°0 £ 9?9 99
0000 000°0 0800 ovo'o 000°0 ovc'o ore*o 8LLt0 £ sV S9
— AIQ'Q AEQQ . AK00 . _450%0 .. . 5900 ____ 8400 ___.0PZ'0_ . _ . ¥I80__ _ ¥ . —r . e
SZ0*0 610°0 ¥vo°'0 1£0°0Q 1£0'¢ 4110 €40 £08°0 £ £9 £9
v . £10'0Q 8l10*0 5800 8100 kZ0°0 |3 9 B0 SEL°0 LEL00 x 9 9
000°'0 ?00°'0 810°0 <100 ¥éo'o S5¥°0 8L 0 re9o £ 184 19
I <cotg . 8£0°Q GEQQ 6E0'0 1500 ['2 4 V) £99°0 1900 £ 09 (34
¢00°0 58£0°0 8100 1100 SC0°0 1510 854°0 9590 £ 65 65
o t) . .- °. .®

DU U S w W

¢C C 268 ¢ @ @ ¢ &6 0 0 0 0 O.

-

¢ ¢ ¢ ¢

N P P N




~

-

e 6 & & & & & & &~ ~

———y ',
a. [ Y . - o, - | - [
00019 Q00029 QOO ———— 00020 — - 00020 ——— - FEQ20 - — - 69620 - 68820 —— -8 - - 8% H$&E3——
000°0 2000 £00°0 8100 G100 £L00 5480 EL9'0 £ Ly LLT
- -- -~ 00020 - 0000 Q000 0100 5000 Iv0'0 vré'o £EVL0 £ 9L LT
000°0 0000 g00°0 000°0 g00°0 ¥50°0 LE6°0 I£L°0 £ SLY |74 §
- - 0000 — - R0OO0*Q - VVO'0O £000 6000 0900 €Lé6'0 LEL°0 £ [ 74 ¥Ld
000°0 000°'0 ¥00°'0 8000 LE0°0 0L0°0 £é8°o0 90L°0 £ £L1 1
—_————————e 0000 ——— 000 — 400 - QU0 - - - B0 —— FL01Y —-- 0060 - — 9¥B'0 - £ ~CL¥-- - - EEH—--
000°0 0000 8100 8100 gv¥0°o0 CEVO ¥8s°0 velto £ | ¥4 (A
- - - 000%Q - -- 8500 £20°'0 6100 61020 CEVO £6L°0 £49°0 £ 0Ly [/ F2 §
000°'0 0000 £00°Y 2000 0000 950°0 0£6*0 LE80 £ 691 691
e - o~ 0000 ¥00°0 ¥00°'0 8000 800'0 NLO*O £06°'0 L89°0 £ 893 891
v¥00°'0 800°'0 8g0°'0 ¥00°'0 800°0 860°0 0580 94990 £ 96 (9?1
06020 00029-— - #0020 —LO00——FF3020— - POT2Q—— -EL8L0- - L9900 - B .- 9 - 99F-
0000 0000 0000 0000 0000 000°0 000°1l v86°'0 £ S91 291
-- - 000:0- — - 0000 0000 0000 0000 £01°0 C48°0 LL6°0 £ [AAS [ 44}
0000 000°0 000°0 000°0 000°0 000°'0 [Ti TP R § P¥6°0 £ £91 £91
—- = — 00020 —— 0000 - 0000 0000 0000 8260 g8 0 186°0 £ 9 91
000°*0 000°0 0000 000°0 0000 L£0°0 £96°0 £96°0 1 ¥ [ A9 134!
—————— e 0000 —£ 90—~ 00020 - —L00W—- —VQO O~ DOO0—-—EELO 8L6°0 - £ 093 091
000°0 000°0 000°0 000°0 000°0 ¥50'0 vé°0 ¥igto £ 398 651
e 0000 — - 0000 450°0 000°0 000°0 0000 Ivé*o 4460 £ ast ast
000°0 000°0 0000 0000 000°0 Z€0°0 4946°0 ¥Zé6°'0 £ L8517 LST
0000 000°0 0000 0000 &¥0'0 809 498°0 960 € 5% 9S8y
000°'0 13 A ) 000°'0 000°0 000°0 000°0 580 £66°0 £ 5S6 gst
- —_— - 0000 0000 — —6J0°0 ——— 4300 61020 00020 --- Z¥4°0 —-4E6°0 t [ 21 -- ST -
0000 000°0 0000 000°*0 000°0 ZL0°0 az8°o0 596°0 £ £S1 £ST
0000 0000 0000 -450%0 £10%0 890°0 848°'0 L8L°0 £ &S st n»
000'0 000°0 0000 0000 &¥0°0 £11°0 898°0 4£8°0 £ [$9 IST ©
e e s - 0000 - — - 0000 0000 0000 910 0000 £L8°o £66°0 £ 0S{ oSt o~
000°0 000°0 000°0 0000 000°0 8£0°'0 £94°0 6£8°0 £ 1A (149
e 000 0——— Q000 P00 0 — PO L0 ——— PO O——— OO --G§6'0 -- £ - e ——- avi——
000'0 000°'Q (910 00090 0000 000°0 ££8°0 £66°'0 £ vy fA A4
- s — 00020 — - 00020- - - 000°'0 0000 6000 - 0000 166°0 0£8°0 £ L4 A¢ ovl
000°0 DTV AR Y 000°0 800°0 000°0 800°'0 S86°0 6£8°0 £ [ A sl
0000 — 0100 — ¥FO2O -§9020 ¥50°0 860°0 e o 1820 £ [ 429 el
000°'0 000°*0 100 9100 8000 850°0 50460 0L 0 £ [ A 4 A
———— 00— 0000 — 8000900 — 00O O———48010- 90620 - —EPL'0-- - — Py~ —
000°'0 ¥io'o0 LZ0°0 ¥10°0 ¥g£0°'o0 £SV'0 L5440 1080 £ vy vl
e e . — 80020~ Y020 - . 6000 - &30%0 4900 k910 0ELt o 6340 £ ory [ 23
000°0 000°0 000 £00°0 900 €400 9480 5180 £ 681 (19 ¢
— —80023- —— $10°'0 - #L0°0O 8€00 Ov0*0 6510 €eL o L8L°0 £ 8t 8El
000°'0 €100 510°0 900°0 900°0 LI R) 908°0 2080 ¥ L8 LET
e ——————— e 000 0—— 96020 ——£ 02— — &L —-0E0L0- BP9 — —H6£20 --  —BJB*0- £ - - - BE¥ — - 9 -—
0000 000°0 0000 £00°*0 800°'0 ¥Zo'o 9960 46E°0 £ St [ 4
00010 000°0 000°0 0000 Y000 400°0 L840 4YL'0 £ [ 49 el
000°'0 000°0 0000 000°0 0000 £00°0 £646°0 1£8°0 £ £l ££T
610'0 800 46400 6100 Q000 SEVO 0G40 4£8°0 £ EA N ¢ CET
£00°0 0100 900°0 600°0 Z10°'0 L4400 vg8* 0 L9100 £ 1344 [$ ¢
—————— e —— 30— — 00— 30— — 9P 00— EF T2 —— P2 — e - — —— O ——— — O —-
£00°'0 ¥00°'0 8300 L4000 00 [ 1 AN €840 4590 £ 621 [-T4 8
e~ 00020 — —£J0'0 . &10'0 - -6T0'0 £50'0 (E1°00 ovLt 0 -Z8v°o0 £ 8c1t act
*00°0 000 iv¥o°0 0Zo0*o0 ¥Z0'0 | A2 0] 9LLQ 2690 t ey Lzt
—-£&1020— . 9200 . £¥0'0 100 ¥90°'0 ¥ei'0 8490 ¥rL0 £ 91 [ 24
000°0 ¥00°0 £10°'0 ¥00°0 £10°0 8110 [ 4 2-M)) £89°'0 € } -T2 S [~14 9
0000 1200 £30°0— - S50°0—— L0 LZL0. _ $4L°0— 2120 e — BTY .. Sy
4100 ££0°0 £20°0 4100 ££0°0 £2i0 082°0 LE9°0 £ £ZY £t
— . 900'0_- - Z)0°'0. 4%0°0 410°0 4%0°'0 0910 ®¥0L°0 8692°'0 £ [44 44 -
¥00'0 £00°0 c10°0 2100 £00°0 980°0 998°0 [ Y4 Ad") £ [ ¢ 1 £49
e 40020 &£70°0 9¥0* 0 <100 L4200 o¥i®0 ¥el'0 c09°0 £ [ T4 ¢ T4
£00°'0 L3000 020°0 £eE0°0 00 8at*o0 &0 (4% Ak £ 613 (14
- - - -

B S e

;
|
y
!




e _EQOQ_

e _SIQ0 . 0£0'0

0000 000:0

~

e o

~

w0000 0000

e 0000 0000

TTVTeY bkt S et \GEancis S AR En e

® ® L L " . L

L10'0 w000 9I0°0 - E000 . 9900 868°0 0690 £
£10°0 1100 2éo0'o £90°0 6410 v0L0 1840 £
£00°0. LE0Q 200 9£0°'0 cito LLL00 LELo £
5100 0£0°0 0£0°0 9¢0°0 S AR 154°0 ¥.9°0 £
—...kX0:0 1£0°0 100 4x0°0 610 10£°0 9290 £
L4300 ££0°0 100 -1 L ANV 8Y°0 gy o or?°0 £
1800 2¥0°Q0 . .. Y8020 - -ZL0°0_ .. . L9L°0O 00s°0 £57°0 £
400 9Z0'0 8100 0%¥0°0 893y°'0 &¥L°0 699°0 £
£100 920°Q 800 4v0°0 [} 2 Oy} [4 ZA\] 8L 0 £
9100 9£0°0 0£0°'0 9£0°0 09V 0 £££°0 6290 £
8£0°0Q. -QE0*0 2500 441°0 990 0es5°0 £

000°0 630°0 8£0°'0 000°0 9LTO 8690 £52°'0 £
0100 000 . _0Z0°0. 2E0°0Q 4e1:0_ . 4 7AK1] .. E££9°0 £
8000 2300 ?10°0 £50°0 98Y°0 £14°0 1040 £
__BZO*Q ?10°0 £50°'0 ov0°0 £81°0 £99°0 9690 £
100 8100 TE0'0 4£0°'0 €510 ££2°0 6590 £
.000°'0 000°0 000°0 000°0 000°0 000°Y 684°0 £
000°0 600°0 6000 000°0 680°0 £58°0 ¥?8°0 £
000°0 . ___000'0 L20°'0 . 2000 — T101°0 . 9980 ... %69°'0 £
000°0 000'0 1Y0°0 Q00°0 080°9 606°0 £9L°0 £
Q000 000°0 0000 000°0 000°0 000°0 £

030°0 £00°0 £00°'0 £10°0 00F°0 L4980 S£9°0 £
0000 000°0 .. 000°0 Q000 £00°*0 L66°0 8250 £
0000 000°0 000°0 000°0 000°0 0001 859°0 £
0000 ___ £00°0 £00:'0 . 100 ._ €000 orés°0 £53° £
0000 000°0 000°0 000°0 or0°0 096°0 9990 £
000°0 000°¢ 000°0 000°0 vE£0°0 996°0 06¥°0 £
2000 000°0 £00°0 500°0 ¥2o°'o 9960 96v°0 £
...-000*0 0000 £00°0 000°0. 090°0 LE6°0 8890 £
000°0 0000 000°0 £00°'0 1£0°0 ?96°0 ¥Ls0 £
000°0 - __000'0 ___ 000°0 4000 ¥£0'0Q . (2620 -k6g'0  _ &
0000 £00°0 2000 000 9£0°0 £56°0 CEE* O £
000°0 000°0 5000 £50°'0 £¥6°0 £6v°0 £

9c0°0 €eo*o 9£0°0 ve0to Zri‘o 6EL0 T6E°0 £
0000 k000 €00°0 . s10°0 860°¢ 1880 S¢v o £
900°0 ?00°0 8000 8v0'0 951°0 9LL°0 (74 ALY £
Q00°0 . 000:0. - 900'0._ .200'0.... . £S0°0 LEs°0 . ¥6L°0 £
0000 000°0 000°0 000°0 0000 000°0 000°0 £
2000 Q00°0 110°0 000°0 9500 ££6°0 £68°0 £
0000 5000 000°0 000°0 860°0 4680 99L°0 £
00090 000°0 000°0 £00°0 950°Q L8600 8cao £
000°0 0000 000°0 0000 Sv0°0 556°0 598°0 £
0000 . Q00:0 0000 9300 _Za00 ___ ZOA'D. . .. .8LL'0 .. %
000°'0 0000 010°0 vio‘o £90°0 606°0 8¥L°0 £
6000 000°'0 0000 DIV 9£0°'0 v26'0 006°0 £
000°'0 £400°0 £00°0 000°0 £0¥'0 2880 ?£8°0 £
0000 0000 000°0 000°0 ¢g0°0 8960 £96°0 £
0000 000°0 000°0 000°0 €e00 8s6°0 5.8°0 £
200°0 -000:0 . 0000, . 4100 __8B£0°0_ . £kA0.. . 5£6'0. __ X
000°'0 000°0 000°0 900°9 060°0 ¥06°0 180 £
0000 000°0 000°0 [4 L AN ) 856°0 ov8°0 £

000°0 000°0 6000 000°0 090°0 E6°Q 8580 £
0000 000°0 000°0 ¥00'Q 8z0°'Q a8vs°0 9690 £
000°0 ¥00°0 000°'0 150°0 680°0 966°0 699°0 £
— 0000 . k0020 . 600'Q__ _.¥OQ°0 —5820:0 _____8046:0 __ . SEL'0..  _f.
Q000 ¥00°'0 ¥00°'0Q <100 ¢ot*o 880 ¢69°0 £
000°:0 000°0 0000 Q000 0000 000°1 8180 £
000°0 600°0 0000 £30°0 600°0 59460 1980 £
. Q000 0000 €300 0000 0900 T3] 006°0 £
000°'0 000°'0 0000 Voo Lv0°0 £56°0 sv8°0 £

9z — 92T . —

—_———02C —

’

e 8 8L _




b I Aas aun o

- e

£00°0 0200 AL M) 1£0°0 ¥Zo*'o 9810 ceLto
- --#00'0 4300 PEQO 6100 8£0°'0 8110 L9L0
000°'0 5100 6800 S10°0 14 £ 2] &v1°0 6¥L°0
- - - 00000 - ——830°0 1500 $100 9¥0°0 9600 618°0
800°0 ¥00°'0 4100 £€0°0 £vY0°0 acy'o LLL0
£00-20 99020 8E0-10——— L2040 430 V——— WP T2 —— - ZLL20 -
0000 1500 [10*'0 oo 4 £ AX] PLE°0 SvLto
—_— 00020 40020 --610'0 - 400°0 ¥vo'0 L4 AR 8LL°0
010°0 £10°'0 4200 £¥0°0 S£0°0 £LT°0 8zLt0
e - —00020 . _ 8000 0go°0 c10°0 ¥io'o ?110 180
¥00'0 ¥Z0'0 4£0°0 (AL AR 0€0*'0 6¥1°0 £54°0
0000 0000 £0020 —£V0°0 — — _§E0°'Q— ZYIV*'0— __.4£8°'0
¥00°0 ¥00°0 8100 S£0°0 5800 asio vLL00
it e 00009000 800°0 vio‘o 150°'0 SIv*0 9v8°0
000°0 000°0 200°0 0000 750°0 1400 2060
o —— -000°0 _ _000'0 ¥00!0 8000 0L0°0 0L0°0 868°'0
000°0 0000 500°0 v10°0 5000 2400 0060

[N A Y
8ev'0
8990
1990
88720
-409° 0—.
¥99°0
(A% A4
£Z9°0
8LV e
€690
-4E9°0 .
C69°0
89s°0
8290
1690
¥Zeto

—_——t14G3——
$5C
| 414
£
(414
| $574
- Q88 - —
&ve
avl
'4 24
vee
Sve
e e WO
£oe
t4 24
e
[\] 24
[-3 %4

c o 6 0 o o O

267




| qn-ame

(@)

«a a o & ~

' - ] » B » » - ! » » L 4P
i . o ]
40010 —L10'0 - . SE00. . #0000 _ . 680'0_ - _H¥I'O ... BEL'0 _ . _SVL20- . & -8B .. —— . 8% -
L20°0 LVO'0 1£0°0 ?10°0 4800 £41°0 L9990 8490 [ 4 L% L5
. e e e e . - #0020 1£0*0 8v0'0 8v0'0 <900 ¥61°'0 <190 Zeeto v 9 14" o
000°'0 €100 4200 LE0°0 5800 £L1°0 8¢L'0 689°0 [ 4 44 55
R 0000 8£0°0 vg£0'0 000 8£0°'0 I4 5 B) 8ce'o £12°0 [ va [ 4
S00‘0 2£0°0 0v0'0 5£0°0 5¢0°0 iL°0 veo 8520 [ 4 £S5 £S5 o
SZ0'0 L2200 L300 - 0E0t0 - 1200 el 94’3y . 03420 & - .4 ~SESPY- { + SR
4100 2800 £E00 g0’ o0 4 i Y] 910 4690 LAWAR:) v 15 134
— . ATO0'0  _ KEO*Q ¥£0°0 010°0 ¥E0°0 101°0 69L°0 9¥L’0 (114 0s 9
0000 800'0 000 0¢0°0 ovo'o ¥S1°'0 652°0 169°0 v 14 14
- . _ e R100 LE00 ¥i0°0 v20*0 L0000 0510 L4690 42L°0 14 1114 14
000°0 £20°'0 820°0 LE0°0 1500 [ 29 BV LeL'o 2L 0 v 144 r44 9
Q000 2200 £10°0 . W 1 BL/'0 820 & (-7 S - I " S
0000 000'0 8000 céoto S£0°0 £1i°0 | X4 . M) c19°0 1 4 14 Sy
S ——-020:0 . . S10%0 ¥50°'0 4£0°0 6¥0°'0 cli*Q 05?0 4 YA 1 4 144 (24 D
0000 0g0*0 ?2£0°0 8co°0 ?10°0 ZET0 8940 ¥469°0 v £ £y
... L1100 . IE0‘CQ 3800 5400 100 810 L4520 804°0 4 (44 4 4
¥00°'0 €e0o yv0°'0 600°0 £50°0 0I1°0 8540 ceeo v 144 144 9
—— $00°Q 100 CEO'Q . QY00 .__ k00 . 8¥YI‘D 4590 Bew:0 . OW. ___ o
L7100 2éo*o L¥0'0 0£0°0 AV ¥91°0 869°0 LYL°0 v 33 3%
— e .. Q00 . ¥€0'Q veo'o 800°0 Hv0°0 [ ZA SN 490 £492°0 [ ay 8¢ 2
G00'0 vi0*'o 810°0 E0'0 LE0°0 | ¥4 V) vee'o vesLto 14 LE 4
85000 6100 ¥g£Q'o 210°0 4£0°0 S21°0 £&Lt0 1690 [4 9t (2%
000°¢ £00'0 ?00°'0 800°0 4€0°0 5010 ov8*Q 935°0 v (1% 1Y J
— 810°0 _810°'0 ZZ0°'0 . __ 8100 ____ypp0a'Q . /8Y'0 £49:0 £ZL°0 & — b ———— b
G00°0 vi0o*'0 600 veoto 300 L51°0 61L4°0 £vL°0 v £ £ m
... 1200 Zvo'o 050°'0 SE0°0 SL00. &C1°0 8020 2020 ¥ [4 % Z o~ )
4000 800 810°0 £20°0 850°'0 LEY*O 12400 ££2°0 4 | $Y ic
k200 veo'o 8£0°'0 ¥i0°0 6100 4 A4 &80 IS YA ] v og of
6000 2e0°o 9200 £ecoto vvo‘o [ A ] £54°0 €Lt o 1 4 .24 Pd )
J D —_— 4100 . 9¥0'0-.. 9k0'0 ... ____ S50 g0 YB8I°Q . __9¥9:'0 Q01 L'0. & -8L < -
v10°'0 £E0°0 0500 P800 €00 100 1490 8csto v Le <
. I2000 . Zvo’o Zgo'o [ | 20N 9L Z ' !
£20°'0 veo'to v£0°0 v 1 5C
400°Q 8l0°'0 . 8100 [ 4 v | 24
?10'0 v00°'0 9100 v £C |
— —_— 200°0 Qi0° 0 _Z&Z0'0 [ SN UR 7 AN——— &S -
£00°0 L0000 $¥0*0 1 4 b4 P
... k100 _. 500'0_ Z50°0 . o oc .
ceoo 0£0°*0 0£0°*Q v 61 61 !
- R £10:0 . 510°0 L1000 ' [ 4 81 8l |
000°'0 3000 200°'0 0¢0°*0 jol‘¢ 198°0 £05°'0 v o L1 ) !
. R, 8004 £X00 £10°0. __ 5000 2110 o8O0 . __Sgnl0 . ¥ . .. RV . . 91 |
8200 4610°0 4100 610°0 gcio ¥s52°0 chsto v sl sl
000°0 L10°'0 veo'o £i0°'0 0?10 2540 010 [ [ A vl )
£10°0 900 0800 [ AE0] 981°0 889°0 814°0 v £l £1
Iv00 810°'0 v¥90°0 k00 [4 3 S4] 559°0 | S YA ] [ 4 Zt cl
000'0 510°0 500 510°0 LETQ (4 Y AN\ 6540 v 19} 11 s
i — e 11Q°0 28Q°0 8k0:0Q ... _2YQ20____QC0'0_ __ EEI0 . 0f£2°'0 . __ 890 . ®.. . ._._0Ql.__ _ . _ .00 _
000°0 £00'0 €10°0 €100 100 (1] X 1) 628°0 985°0 v 6 [
- oo 2ot . 1E0CO ve0' o £¥0° 0 250°0 -3 A ] LL9t 0 £i12°0 v 8 8 »
000°0 £00°'0 010°'0 L1000 vio‘o Zvi*o 118°'0 8LvY°'0 v 4 I'4
cleto iv0*0 850°0 Se00 5E0°0 0610 Sv9'o yuicto v 14 9
N 810'0 500'0 810°0 8Y0°0 cE0°'0 [4 4 S ) 2640 SYLc0 [ 4 5 s ’
[ Q000 _SXQ'Q. . S5£0°'0__ . 02Q'Q_ . __850°Q _ _ _AYX'Q0 . _ES4°0 . _£S5L°0 ...k . v B .
000°0 500'0 vvo'o ve£o*o 0co0*0 CEL*0 L5920 [ SAYAN ] v | 8 £
#8000 1¢o'Q 5¢0°0 ££0°0Q 0500 [ ASE}) 0&e' o BuL'0 v < < ,
9000 £310°'0 ?00°'0 £10°0 £10°0 6010 <a8°0 080 v i 1
I [ v3I¥344V1 L1SITY (===
LSEERN TR EI |
- N i : ; VT U DI SIS PSR ettty
B AP — RS e FEFEITITIITY w P erares — W



p————v MR A & LARAE GLAi: SN T v R T v d h v e M - M b
- - - - [ - - . -
LS ) \V
(e ]
— 0000 — L0024 £30t0-——— $¥0020-- — 8009 - &V010. . -—--606%0 5042 0- ’ e 8V — 83y ——-
. 000°'0 4$00°0 5000 rio°o0 vi0°0 9g£1'0 vee'o 8ceo v AN} LT
X - £00:0 900'0 200°'0 600°'0 £00°0 0800 vé8°0 £L5°0 4 A%} 913 o
, 000°0 500°'0 vio*o 600°0 810°0 890°'0 988°0 1£4°0 v 21 S1t
“ £00:0 —-90020 900°0 v00°*0 €100 £20°'0 568°0 08s°0Q [ 4 Vil il o
o 0000 0000 £00°0 1i0*'0 cLo'o 060°'0 .80 199'0 v £il £11 4
, e £ 00 ——————HO - — — £V - 90010 FEO'O-—-- 30310 - - -£L8B°'0 - 4880 v iy <i3—
. £00°0 £00°'0 £10'0 2100 510°0 | 9 S (V- A 9¢5°'0 14 i i
' £00'0 £00°'0 9000 ?00°'0 £10°'0 Q0¥ 0 v8°0 145°0 v ot [+} B¢ o
f 000°'0 £00°0 ¥00°0 7000 000’0 160°'0 ve8°0 6450 v 4601 601
- -0000 £00'0 4109 ¥00°'0 5¢0°'0 ty¥i‘o yo8°0 5090 1 4 801 801
f 000°0 000°'0 ¢00°'0 €090 Y00 L4000 104°0 o8v*0 v (01 {01 o
ﬁ —_——r———————_—— 000 0——— ¥ 000 - - €300 —£E0'0 - JEOO— —-$EVLO- —- —£6L29- ¥8v'0 [ 901 901 -
w 000°0 000°0 ¥00°'0 £10°'0 £00°'0 1010 980 YA AK] v 501 <01 o
000°'0 ¥00°0 £00'0 ¥00*'0 £00°0 Ivi‘o Yr8°0 049°0 v ¥o1u vol
000°0 ¥00°0 £00°0 1100 <Y0°0 801°0 ¥58°'0 <L9'0 v £01 ¢cot
—- 000:0 ——--000:0 010°'0 0500 £00°0 980°0 680 Si9°'0 v <0y Ol D
000°'0 0000 LC0'0 [10°0 ¥i0'o0 010 £98°0 G590 v 101 101
e 00010, £000 €100~ - —610%0- —£00°0—— 260°0- — --0LB°0 £19°0 - & 001 901
£00'0 0000 (000 010°0 Leo'y A R!] 0g6'0 I¥9°0 (4 &6 b6
-. 000'0 £00°'0 000°90 1¥0°0 100 S460°'0 6480 | F4*N v 86 84 ) 1
¥00°0 000°0 800°0 800°'0 ¥10°0 ¥60°'0 ?.8°'0 819°0 v L& L&
&600°'90 Z10°'0 €100 Z2¢0°0 8600 1A B+ Y4410 8090 1 4 98 96 o,
£00°0 £00°'0 £10°'0 £10°0 Yv0°'0 IS81°0 ¥l 0 2190 (4 =26 Sé O 1
- - _——— £0020  —£000— -— 020'0-- - &Y0'0 -EV0QQ- Z&10- - &ésto 815°'0 v vé 6 o~ 4
£00°0 ¥00°0 3000 800°0 800°0 1800 £68°0 ZES'0 v £6 £6
8000 610°0 L&E0°0 220°0 LEO00 661°0 £EL°0 S89°'0 v Zé <o )
£00°'0 L300 1£0°'0 aco*o 820°'0 &CL'0 £9L°'0 &¥9°0 v 16 16
€100 SI0°'0 &40 410°'0 1500 (2 23] €LLto 190 v [+7.3 06
A\ 000°0 £00°0 £10°0 Z&0*o Iv0'0 LA ] 68L°0 6990 v 48 68 )
- e — 0002 0———— 000 —— — 1O ——— BV — - —L2O—— - Y ————8£B820 --805°0 - [ 4 a8 -88
£00'0 210°'0 L£0°'0 0£0'0 I¢0'0Q 051°0 &¥L°0 ¥L(9°0 [4 8 8
L8 - - - 000'0-- £10'0 6Y0°0 610°0 Iv0'0 £40°'0 vig'o 1£9°'0 [ ] 98 98 '
g 00¢°0 &6E0°0 8100 Z£0'0 9£0°'0 L0030 &LL°0 8590 (4 <8 c8 ]
000°'0 0300 300 £00°0 <roo 6110 1¥g'o 8i9°0 » (4] ve
¢ 800°0 9100 4 N RN 1) Zx0'0 8v0°'0 8ci°o0 9¢L 0 €490 13 £8 £8
——————— e — 00— 90 0— - —-50020 — —EJO'O - - JEOLe— - — T FLO———-CPB'0 - —585°'0 - | 4 é8 - 28 - - E
£10°0 $00°'0 ¥£0*0 1¢0°'0 £00'0 [ XA i) £CL'0 £1L°'0 v 18 i8 J
'. - - -—Q00°'0Q - Q000 £00°'0 910°0Q [V A 660'0 L8 0 £SO 1 4 08 08
000°0 £00°0 L8090 vi0°0 200 4110 &46L°0 [ 23" AK1) 1 4 & &¢
: 41090 610°0 8¢0°'0 £E0'O 8800 8vi‘0 g0 0 [ 4 ZAKH) v 8¢ 8
¢ Z10'0 ¥00°'0 0ov0'o 9£0°0 890°0 P10 9L9°0 849°'0 v [44 [¥4 !
- S - £000-20- —80020- ~—~-800-'0 ———2J0°0 - - 0300 -— --EFI-L0—--508'0 - 8690 v 9L 9L
d 000°0 000°'0 000°'0 000°0 000°'0 000'0 0000 Q00*Q [ 4 Y4 Y4
n' 000'0 900°'0 GZ0*0 £10°0 900°0 £80°'0 ?v8°0 808°'0 14 v [ 24 )
G00°'0 0¥0°0 [£0*0 000'0 9%0°'0 £60°'0 L2C8'0 Y940 [ 4 £ | 4
-. #3500 4100 {800 veo'o 540°0 910 <090 [ FaN 1 4 <!l <L
e 010°'0 1500 150°0 500 180°0 2170 (990 8540 (4 | ¥4 | 94 )
- ———— 00020 13010 83020 - - --H0020 . - JEO00— —. ORI~ —— BLL0- . —ERL20 — [ 4 - 0L - - [ 74
4100 €00 &€0*0 &4Y0°0 i10°0 cgyv'o L0410 &LL°0 v &9 (34
] - - - -—800'0 - -gZ0°'0 1£0'0 vyo'o 9£0°0 ¥9Y1°0 9690 85¢L°0 [ 4 89 89 J
600°0 5v0°0 8900 5v0°0 0500 851°'0 vee'o &EL0 14 L9 L9
rio‘o ov¥0'0 8co'e £e0'o [ AVRRY] £51°0 5040 280 v 9?9 ¢
L3 000'0 £¥0°0 5900 &¢0'o 590°'0 Q410 4090 L49°0 1 4 59 s9 A4
¢ - e —— Q1020 4100 - 4&0°'0 -—- ¥E0%0 [ 2NV S - § § SLY I 4540 YL .- v v9 e
vio‘o vio*o croo 46100 8¢c0°'0 &¥1 0 13 A1) (820 1 4 £y £9
| 3 S00°'Q 4%0°0 ¥£0°'0 450°'0 5¢0'0 £E£1'0 2690 €sL'0 14 c9 P ©J
9 G10°'0 5100 9¥0'0 0000 ¥20°'0 verto 6520 6690 1 4 184 19
A P ¥c0'0 £90°'0 vieo 610°0 480°0 &94'0 <9y o v¥Lt0 v 09 09
. T10°0 1I¥0°0 0r0'eQ vLro'o V0o vy o g9 0 5490 v &% .39
b
4
G A . LA e )\ L




e Ao & A & 0 & ~ N

\al A ~—Y i -
- - - - - - - [ )
0000 0000 L8000 .. 800O'0 .. BOO!O - 9¥0'0 . 4860 4658°0 v 8s1 VA ¢
000°0 v10'0 000°0 000°0 2000 ?£0°0 Zvé° o 0o£8°0 14 [¥4 Lt
L0000 0000 £00°*0 000°0 0000 Ly0° 0 Lvé°0 Z18°0Q v LY LT
0000 000°0 f1eto 0000 200°0 580°0 868°0 ygs'o v oLy SL1
3 000°'0 _ .._ 0000 . Q00° 0 Q00°0 110°0 vL0°0 5160 0LL°0 v [ ZA vt
000°*0 0000 0000 000°0 510°0 c60°0 £68°0 o080 4 £ £
0000 _000°'0 800'0..__ 0000 —L¥0°0 ... .5&0°0 4%6°0 £58°0 v <Ly <Ly
000°'0 ?10°0 910°0 £co'o 800°0 550°0 880 v o [4 21 (YA 4
0000 _ 0000 £00°0 T4 ] 000°0 6500 vié6°0 y¥18°'0 14 0Lt (V72 §
000'0 0000 8000 0000 1£0°0 820°0 £88°'0 gt o v 693 691
_._. Q000 __  200%0 [FTTVRR] 900°0 ?00°0 6100 £96°0 808°0 v 891 891
000°0 200°0 110°0 L10°0 1100 v0°0 188°0 £€82°0 [4 91 91
00040 L2000 - 0¥0'0 - 0Z0'0.- _0I0:0._—_2EO00. . QEsH'0 o220 v 991 — 91 —
000°'0 000°0 000°0 000°'0 0000 000°0 000°Y Lv6°0 4 591 5917
0000 0000 110°0 120°0 000°0 f01°0 980 5648°'0 v ver Vot
000°'0 $00°0 6000 0000 300 Y61°0 ¥iLto 098°0 v €91 £91
0000 . 000:0 000°0 000°0 0c0°0 vét'o 98L°0 088°'0 v 43 91
000°0 000°0 4600°0 2200 81090 4510 88.°0 4580 14 191 (84
0000 LAV ] _—000°'Q = 000'0. Qoo*0.. _ 000°'0 . L8260 . AN v 09Y .. Q91 .
000°0 500 0000 130°0 000°0 L ZA K] £58°0 £v8‘o 4 651 451
- 000:0_ __  QUO°Q 0000 000°*0 0g£0°0 tecv'o arg‘o 6146°0 [ 4 851 85l
000°0 000°0 000°0 000°*0 000°0 990°0 vL6'Q 688°0 4 51 {51
000°0_ . £10'0 000°0 . 000°0 Q000 £vi*0 [ 44:30] 7046°0 [ 4 ?51 ?S1T
000°'0 0000 0E0°*0 090°0 020°0 090°0 ov8‘o &£6°0 14 53l SS1 o
000°Q 0000 . .._ 0000 000°0 _000'0 .. 8£0°0 ceb6°0 £Eb6°0 4 14 - Vsl o~
000*0 9200 000°0 000°0 0000 9Z0°0 ov6°0 186°0 v £St I S
0000 0000 800°0 800°0 i¥0*0 840°0 v8°0 4v8°0 (4 Z51 Zst
00,0 000°0 V100 000°0 000°0 Y4 &) L58°0 £08°0 [ 4 ISt (329
000°0 . 0000 0000 0000 ?i0°0 £Yo*o 1560 LEd4t0 v 05 0s
000°*0 000°0 000°0 000°0 000°0 980°0 | A T- ) [ 2 R+ 1 4 14} [-14¢
0000 0000 . _._00Q*0  000'0_ . RIQ0Q 44600 £488°0 £14°0 [/ 8vl avi _
000°'0 000'0 009 [+1ITUREY 0¥0°0 ovi‘o 008° 0 660 v Ly Lyl
0000 . 000°'Q0 000°0Q 400°0 Q000 voi1°o 4880 4£8°0 v ovi vt
0000 0000 0000 000°0 000°0 veo°o 99460 ¥c8°0 1 4 A (A
000:0Q 8000 Q00 Q 800°'Q £20°Q 010 £28°0Q Z¥8°0 v [1 A3 [ A A3
000°0 000°0 000°0 000°0 900 480°0 L5£6°0 118°0 v £ £v1
000°0 a00*'o -~ 0000 _ 000'0_.. ..570'0... 1900 veé6°0 4£8°'0 (4 A P A
000°0 000°'0 0100 0000 6E0°0 811°'0 |9 2-20) 698°0 [4 ivy (X A
Q000 _.. 0000 £10°0 000°0 £50°0 ¥60°'0 648°0 818°¢ v ovl ovl
000°*0 9500 800°0 LC0°0 800°0 ¢80°0 198°0 138°0 v -39 6ET
00020 . 200°0 810°0 9000 900 ?¢1°0 508°0 c18’o 14 agtl 8¢l
900°'0 5¢0°0 5800 L4800 &¥0°0 £€2°0 582°0 €08°0 v LET (ET
000° 0 2£Q0°0 L0020 . 000 . _ 4000 . Y&l - . 4520 0g8° 0 | 4 9ft - 9EY
600°0 600°0 €00°0 400°0 Y10°'0 6£0°0 2240 £Yy‘o v sel SEl
L2100 v00'0 v00'0 000’0 600°'0 9500 0146°0 912°0 v vEd vEl
000°0 900°0 000°*0 900°0 ZY0*0 0v0°0 9¢6°0 &68L°0 v ££7 £ET
£00°0 3100 et 00°0 0000 veZil'e Le8°0 v03°'0 v gl CET
2eo*'o £E0°0 £310°0 800°0 800 LY Y £92°0 v 1£1 184 ¢
£00'Q _800°0... . _¥00'0. . ZY¥0°'0 ££0°0 980°0 0040 L 4 og1l . Of1
500'0 500°0 8E0°0 £C0°0 5000 190°0 [} 1) v 621 Y44
S00°0 .. 200°0 00Q°*0 vio‘qQ ¥20'0 980°0 vvi'o v 8ct ac
S00'0 ?10°'0 P4 I AE\) 900 110°0 certo 88.°0 990 v (X4 ¢ L2
S00°90 500°0 500°0 Le0o LEV'D 13 2 ) 482°0 gLt v L 8 v
0000 000°0 900°0 000°*0 £20°'0 890°0 v06°0 ¥8s°'0 14 sZt P ¢
200°Q_ 200°:0 £1Q:0 . £C0'0 c10'o Pl S S ¢ T - R () 68°0 [ 4 [ 74 Y - [ 24
000°0 120*'0 0000 v00°0 600 0010 v8°0 9040 14 €T £21
000°0 800°0 £C0°0 100 8000 8eE*0 808°0 [4 28] 4 &an g ¢
0000 000'0 [ X' A0] 000°0 0100 990°0 <680 0640 [4 Icy | 94
¥00°0 v00'0 v00°'0 8000 510°0 [ S ¢) [ 4: A1) 890 4 ocl oct
6Guo*o voc'o [Z VN3] 400 4£.0'0 £EV0 1180 Y00 v 611 a1t
[ ]
- - - -
P Y W . L o Y PR i e




¢ o o6 » & &~ -~

-~

—_— 0000 00020 000 Q00— L0020 4BO0— - QP60 - — 4IB O  BEe -— ———BEEF—
000°'0 ¥io*'o 8c0°'0 1E0°0 ivoco 860°'0 L6010 2C8°0 v LEC 494
: e e~ 8100 - 3500 65010 £00'0 6600 £G1°0 08y 8EL°0 v vES £
v00°'0 ¥00°'0 £10°'0 8000 v00°'0 551°0 €180 800 1 4 123 23 ¥
- - - - - ¥0020 - — 63020 110°0 <600 8v0'0 [ R CEL'O ELv' 0 ¥ [ 244 3%
£00°'0 4000 ¥10°0 L3100 veo'o 851°0 Ll £ry°0 v ££¢ 1% X
—_—_ e Fo 00— RV — BBV —— VB0 60— PO —— £ — b —— e — - — —-&EE—
000°'0 110°0 vE0* 0 6100 vL£0'0 £51°0 4 7AK0] 18%°0 v | 204 | § 4
- ——— e ——000°'0—- - £00'0 £00°0 £00°'0 *10°0 '] 2 XV &80 05y 0 L4 14 1144
v00*'0 800°0 ¥10°0 800°'0 0E0°*0 v81°'0 9540 5(9'0 v 6ZC &2
EI 02020 - - ¥¥0°0 - &v0°0 5¢0°'0 &%0°'0 ¢8I0 1£9°'0 €540 v 8c¢ 8Ze
8100 £50°0 5x0°0 000°0 L£0°0 ori*o &¥L°0 bEL'0 1 4 &L LIl
#0029 L6049 —EEQL0—— L300~ - - FBO0—— 4B L — HOL20 o ——— PEE-——— 98T —
¥00°0 1C0'0 6800 €100 <00 [4 ) 8LLe'o0 £02'0 v Y YA
RS U ——— |, -4 « LY S N 6500 6£0°'0 100 iv1°0 689°0 06v°0 v vio [ 24
800°0 ¥00'0 150°0 £30°0 5500 0r¥*o 854°0 [/ 2 YK 4 £Z¢ £&e
e e - 00020 ——-000:0- 000°0 <100 000°0 I£3°0 L5810 £68°'0 v éee ZaZe
000°0 000*0 000°0 000°'0 800°'0 5010 (88°0 {£8°0 14 1Ze iz
00029 Q0020 00020 - E¥010—  -Q0020-— -80V'0— -—08820 ———BFPBO— —-F - ———— Q86— —— 03—
000°'0 £10°0 LE0'0 L20°0 ovo*'o L0110 L8L°0 &es o v [ 124 612
PN 0000 Q0020 - 000°0 000°'0 Voo 80¢°0 0G0 £46S°0 v gic R ¥4
000°'0 000°'0 000°'0 ¥i0°0 £00°0 2400 060 2¢8°'0 v e A ¢4
0000 ..000'0 00020 0000 000°0 000°0 000°Y [ L AX] v LA 14 vic
000°'0 000°0 000°0 000°0 0000 000°'0 000°'% é8v°0 v 3 ¢4 M ¥4
. 00020 00020 00020 500 0—— £0020 —O¥0' 00— —-LLE0— — BP0 — ¥ — —— ] ——— PV ”
000°'0 000'0 000°0 000°0 £00°'0 ?10°0 186°0 I4 S AXY) 14 | X &4 £z N
—000:0- . 0000 - - 000°'0 €000 <00°0 020'0 ££6°0 kb¥ 'O [4 v A ¥4
000°'0 000°0 000°0 Q000 800°0 9£0°0 9560 £&5°0 v |9 &4 11
- -000:0-——000°'0 - 0000 £00°0 6000 - 8600 9£6°0 8450 14 otle (42 ¥4
0000 0000 0000 V000 000°'0 900'0 ¥466°'0 565°0 v 60¢ 602
- —_— 00020 Q0010 Q000 — — 00000002 0———VIO 00—~ 0660 ——8L320- — 80— ——808&—
000°0 £00°0 £00°0 £00°0 £10°'0 090°'0 8160 891°0 v 0¢ 02
- e — 00020 —— 00020 — - - 5000 -000°0 c00'0 - - —-9£0°'0 (560 LB¥°0 4 902 f0C
I£0*'0 650°'0 880°0 190°'0 860°0 [4 XA\ 138 A LEC'O v 508 502
e —- . —000:0—£00:0 - - 2100 ¥100 ¥é0'0 €V 0 0180 £6CS°0 v voc voc
92100 9L0°0 1£0'0 £v0'0 6£0°'0 9%Z°0 685°'0 546¢°0 v £0¢C ¥oc
— 2 Q-2 & 01— ——3B500-——HOTO— - -¥690——-£EWO0— - ¥ — — -Z0€ - - - - E0& -—
000°'0 000°0 000°0 000°0 000'0 0000 000°0 000°'0 v 10 10C
. e 00020 .. 000°'0 -—- 0000 0000 0000 £Y0°0 L8860 808°0 14 00¢ 00Z
000'0 £00'0 £00°'0 600°'0 600°0 | A 1] 980 £85°0 v 661 641
- - 00020 - -£00:0 - - -9¥0'0 £000 6Y0°0 - we¥tO Gi8'0 1190 4 841 867
0000 0000 000°0 QUOo°*0 0000 <100 8846°0 6420 [4 L6 61
_— 00020 £0040 2000 £00+40 21040 QL1310 — — QLEO — —L6L°0—-. ¥ - 961- - - -961——
0000 500°0 800°0 ?10°'0 &E0'0 L8510 SH.'O [ 2] v 367 561
- . --000'0 — - £00'0 - 600°'0 G00°0 §00°'0 9010 080 VEL'O 4 véy [ZX¢
£00°0 £00°'0 Le0°0 LE0'0 I¥0°*0 £yrco ¥est0 8tv*:0 1 4 rét £61
— - 0000 ——£00'0 £00°'0 LE0'0 £00°'0 951°0 96L°0 [+14: B) 1 4 cé° c6l
000°'0 0000 000°0 000°0 000°0 9£0°0 ¥946°'0 yy8°'o0 v 1461 V161
[ - 00020 L0020 0000~ Q9020 000 0——&10:0—— 98420 - - 606 0— - — —-- 06 - - V61 —-
000°0 000°0 000°0 000°0 0000 5900 58640 YEL*O v 681 681
- - 00000000 . D000 - 1¥0'0 200°0 - 420°0 ¥546°0 8200 v a8y 881
000°0 000'0 0000 000°0 €00°0 ££0°0 c96°0 LA ZAK ] v (8% [4:2)
e 0000 .. . 0000 000°0 000°'0 £10°'0 £10°0 ¥L(6°0 1.0 1 4 981 781
000°0 000°0 0000 000°0 000°90 ¥co'o 9060 v69°0 v 581 S8l
0000 D000 2000 0000 _200°'0 . _¥EO0'0__ ___£846°0 .E8L°0 1 - ¥8F —. . - 0BT —
000°0 000°0 000'0 000°0 Y100 ovo*o &¥6°0 580 v £87Y £81
i 2000000000 _ 000°0 000°0 000°0 LE0°O £26°0 902°0 v P4 : 1 [4:2
000°'0 000°0 200°0 0000 000°0 ov¥0'0 ¥54°'0 9820 v 8y 181
0000 0000 0000 000°0 0000 190°0 6860 658°0 v [+1: 2 081
000°0 0000 0000 5200°0 1¥0°'0 v01°'0 6480 8400 v &L &21
r
S . P 0 2 rﬂu ° ° °
A re - o Loaa 4o ot o e ok P a o o ol s ana . * - ~ Y AL 0 3 A A

e omoa




-

b 4 a0 os e

~

L L T T Y Y N

P

3

¥00°0

£00°n 400°0 000°0

000°0

Q000 up0‘'0

00°0_ _ __£00°0

_ 2103 -
£Eoo ¥elto v S5¢ (554
k200 1490 L4 [ £°14 | £°74
£10°'0 144 A1) [ 4 £5¢ g6
5000 kS0 [ 4 F4~T4 P44
¥10°0 8v¥9°0 4 4 [$44
Lepo orvQ ¥ 08 08
vio‘o or9°0 [4 1 24 &ve
2000 00v°0 [ 4 8ve ave
810°0 ¥99°'0 [4 [4 24 [4 24
£00°0 £55° L4 L 444 v
£¥0'0 L1eto v N L4 sel
—lX000  ZFO0'0 #0X'0 0 I¥8°'0 £45:0 ] — kg .1 2
£€30°0 (4 P 14 £y 14 X
¥s50'0 [ 1 a4 [ 4 cre v
££0°0 1404 (] v 14 44 11 24
500°0 89L°0 [ 4 ove ove .
000°0 618°0 v -3 4 34

O O O O

¢C © ¢ ¢ ¢ ¢ C



A oA A~

»

SNRYYY XY ST €7 Su— 0LELY — — 81EL0 S - S vpUy JUNUEU " S
vr1eo 6810 8ez'0 6850 1 8s 1 (s
. B 96140 84140 8LE°0 6850 1 (s ‘ 9c :
S81'0 8ri‘o EVE'0 95£°0 1 95 1 ss ;
SN z810 2610 LEE°0 6ZE*0 1 cs i vs
S01°0 8zz 0 1820 SHE0 1 vs f £6
—- e e e ZEFL0 - — OO — — - -GG ———-SBELO - - £s - i - - - 28— - :
zL800 29Y°0 962°0 0LE0 1 zs 1 15 ;
. : R £E540 L41°0 (eeo 4BE'0 i s ' 0S :
0Z1°0 viz'0 £62°0 €280 1 05 i &
- e 681°0 A 9L 0 862°0 f ov f ar ,
$91°0 891°0 6240 0LE°0 1 8v 1 Ly !
- e o 2RB0 LV 00EIO— - 99E10 - T T - - .
8yi o $81°0 0820 988" 0 i 1% 1 1% .
- - 922'0 £0%1°0 45¥°0 202°0 1 Sv 1 %
96110 82140 8240 862840 1 v { £v .
e 161°0 £81°0 ovE* 0 (EE'0 1 £v 1 zv
£E1°0 002°0 08Z°0 985°0 i zv 1 114
—— - e EGTL0- - 0870 — --ZEE'0-— - WKE'0 1 . v i or
0410 v91'0 9280 Tvg o 1 ov ' 6€
e —. : cvi*o 481°0 S0g£'0 19840 ! o€ f 8¢
1510 2810 ££8°0 vEE'O 1 8f : LE
- 16170 £81°0 £0£°0 zZve'o ‘ g ' 9%
££1°0 061°0 94z 0 26£°0 1 9t 1 sg _
e — - : e —E¥Z00 - - 06020 Y060 - S91°0 —1 s¢ 1 ve O .
8£1°0 561°0 £22°0 ¥6£°0 1 ve ¥ £ o~ .
8£1°0 G610 £62°0 vLEO f £f 1 ZE
£63°0 ov1°0 S9Z°0 EO¥V*0 f zg 1 1£
e £91°0 TLTt0 9620 oiv'o 1 €3 ‘ of
S41°0 8£1°0 1z o 9¥r o ¥ of 1 62
- R RO — 0080 — 56B———BPELO - - - 6T o - 82
8910 5970 00£°0 L9540 t 8 1 ‘2
S ——— : $02'0 6210 852°0 60V 0 f e 1 Z
LET*0 6520 ?12°0 88:5°0 i 92 1 sz
o - . 1110 1220 v82'0 £HE°0 ‘ 5 1 vz
080°0 £52°0 8se'0 80v*0 1 ve ‘ £2
SR e e — 480t ——40E 26810 1wt —f - Y BESEE S e - -
Y110 0zz*o z8e'o GIv'0 ‘ ez 1 2z
U $80°0 8vz°0 ez o szv'o ¥ 1 1 oz .
450°0 342°0 981°0 18¥°0 f oz i sl
e . 6600 $£Z°0 YA 16£°0 1 6t 1 8t .
0£2°0 £01°0 SBY°0 Z8I°0 1 81 1 1
e — —— P80 e LEQ0 - --LBE20-—- - 080°0 - o8 1- 9%
642°0 ¥50°'0 £65°0 0Ki*0 f 91 1 51
- . 9L1%0 £8%°0 L8E°0 o¥v*0 ¥ st i vi
) 602°0 £21'0 6L 0 28800 It vi i £1
6610 vii'0 LOE°0 6SE°0 i £f 1 zt
6L1°0 £51°0 CTAL L8540 i zt t 13 ,
——— R8I0 BRI OTE0—— -k G0 mfm e e B - - - --0% .
£91°0 491°0 991°0 £06°0 ' oy ' 6
e e s£2'0 660°0 LLe0 061°0 ¢ 6 f 8
Z£1°0 10Z°0 ££2°0 £6£°0 ¥ g i ¢
- (120 811°0 £ore0 £2E°0 1 ¢ t 9
S81°0 8r1°0 01£°0 9S50 1 9 1 s
e e e e o . o &0TY0 - GEE*0 . — @92'0. .- HEL'O0 ... V- s S v
Ze1o o1z 0 620 9LE°0 1 v 1 £
9210 202°0 vegto £4£°0 v £ i z
4910 v91'0 1EE°0 9LE0 V Z i 1
R S4M34dvL ISIT <===
§44344YL 1SI1
- - -~ L 4

R |







